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S, 0) = 


lot 

10 t 2 


Most Of th * (0 ~ 10 t 2 

«"8inecri„g a rc e a„X ah i n en n “ Umered in sci '"« a "« 
functions of a continuous van ' ,he si 8 nals ™ 
Und usually take on values ,„ f , S “ Ch as ,lmc or s P«e. 
common „ amp|e of ' . “ co """uous range The most 

ns shown in Fig. | i ^ 8na 15 fm<w oirfa/ waveform 

T ^>c expression for the signal can be written as. 

A sin (co t + 0) 

Amplitude 
Radian/sec. 

Phase 

Time duration of one cycle. 

F = Frequency = ^ 


^Amplitude 

■T = 1/F 


S(t) 
where. A 
co 
0 
T 



1 


♦ Time 


Fig. 1.1 : Sine wave 


1 . 1.1 Measuring Analog Signal : 

To measure analog signal in olden days analog instruments were developed by 
electronic Engg ’s. The most common example is analog multimeter , you must 
liavc seen in your lab. The instrument is shown in Fig. 1.2. 

Problem Involved 


The problem involved with analog multimeter (Instrument) is the Accuracy, 
cading taken by each person will be different, because reading changes as viewing Fig. 1.2 
lgle cliangcs. Accuracy is also limited by internally used mechanical structure. 



1.2 Analysis of the Analog Signal : 

In electronics you develop or design some circuits. To find how your circuit behaves, the system is 
-ited w jt|, input signal. After exciting the system one should check output of the circuit Depending 
3 n the nature of the output signal and input signal applied to circuit one can easily find behaviour of 
tem (circuit). The block schematic of the same is given in Fig. 1.3. 
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n Input 
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Sy»t*m 
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Output 


F*B. 1.3 : Block schcnmiic 


[Problem Involve 


Problem j 

lime, the person has in ho I,ls * c ' s * ,s ana l°g signal is coiuinumislv varying with respect lo 

expen in Tune domain analysis, to conclude perfect results 

1.1.3 Noise ; 

representation of c*/«»r ^ Wi ‘ h *"** M Sh ° WS grap ‘ UC<U 

frequency I^Ifere^ UCLd *** C,rCUJt bccmsc ofEMI (electromagnetic Interference) and RF1 (Radio 



(a) Clear signal 


Fig. 1.4 



Fig. 1.5 shows EMI Interference caused because of Motor 
As shown, actual waveform may get changed because of 
noise pulses. To get good signal quality, one has to design a 
circuit called Fitter , to filter out noise. After filtering, you will 
get good signal. But to design filter circuit, built it and test it. 
requires more time and if by chance characteristic is not as per 
requirement, redesign the same. The circuit design becomes 
more complex as noise frequency and amplitude changes 
randomly. 


Problem Involved 



Fig. 1.5 t EMI Interference 


To filler out noise from analog signal is bit complex aiul difficult job. Secondly to dcs.en atuloe 
circuit for noise filtering the person should have good mathenuucal background * 
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Number 8y«t»m» 


I 


,o ^ *— »* 

« The person sk “ ‘ " Tm ‘ analysis. 

< 3 > While measuring SOOd background. 

« Analog Z27 I' ""’ -*« » »//-. 

•* e <|uire mem . * “ w *" *'<”•*'• 

«> re WiV* 11 ®! 0 °v ^ l>PC ° rsyslcm or approach. 

ch P'o»des easy nay „/ design. 

( ) Easy to implement. 

% 2% *r* - *«•«** analysis 

Irhich allows easy removal of noise signals. 


N umber System 


Digital System : 


requires digital infomtation^DhrilaT fV' a " i “ cr 10 P roblcnis involved in analog system Digital system 

discrete symbols called Digits Yn nf ®'T"° n ls 'Rented by fixed number of non continuous or 

■•.5 6 7 8 9 used r . ' ** **** """ dcci " Wl “«« s <'« digit system) i e . 0.1.2 t 

fingers.' But ? v'T T ^ "* •— *>»** *» »-<* of .« 

. > tern used in digital employ just two digit types, '()’ and T. 

Binary System : 


In digital wo use binaty. which restricts digital signal to have only two distinct values ot states. 
Here you may ask question why binary system ? 

The reasons or advantages of binary system arc as follows : 

1 . Most information processing system are constnictcd from switches, which arc binary devices. 

2. Binary signals are more reliable. 

.3 The basic-decision making processes required of digital systems arc binaty 

Bits : 



(a) 


(c) 
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Kl 


Oioitai 


Numb«JL§i 


wnunonr*^"^ 5 in m,„ y different phyJictl fpnrn. i. is convemenMO ^ 

, *: 10 , wo * ® f "■P rcse " u "« b.nao slates As .old. the append, is io use dig* “ 

A * e, '« a contraction of term r ^ of . blnaiy Quantity at any point in time. These symbols are re 
We use T to h#s .« ,nai "^ d '8***- The Fig. |.6 will show analog signal with digital 
used. Binary voltage valL^V^ ° t0 dcnotc ' L0W ’ ,evcl of ,hc »gnal Normally this convention is 
We have H 300 * L ^ rcFrcscn,c< * 35 an£ l respectively. 

1. Switches* un^ges of using binary system, let's elaborate that particular points 

bii^'ch^rttn^ baS,C bu ' ,ding b,ock is 0N ‘ 0FF switches Basically switches inherently have 

respetfiveT ? Tn 7*™ thCy haVC ,vvo natural s,a,cs - *»hcr ON or 0FF * c CLOSE ° r ° PEN 
respectively. Fig 1.7 shows switch structure 


Switch S, 



Voltage 

source 


Switch S, 


Fig. 1.7 

Case I When switch S, is closed. voltage source will lit the bulb 
Case II . When sw itch S, is open, circuit is cut off and bulb is OFF 

The output (bulb) is also following binary i e dark (OFF) and bright (ON) 

One can structure these switches to get different selective control Refer Fig 1 8 



Voltage 

source 



Voltage 

source 


(,) (b) 

Fig. 1.8 

£ ,'i " *“* *• “ d "“V"» » »*..««. »«„ i, ope. « 

ST£ ST 1 •" * : ‘ 1 '■* » 1 » »- > w », «, 

Thus one can still go for mote complicaled switching network an., .n. r , 

was; switch is the fundatnentai operating mode of etetronic digital Lem ComtoM Hus 

Reliability : 

mbs «*Ml « nw ilwTu !wS!l£££n !£ ***** ln 
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i "nttrefoie nu ~ lrZ__ NumbT Syttwra 

| adjaceiu VaJu « and be nusimerDret e Ij e c!!?[ h ! ng bu j: no,sc > wiil cause signal value to spill over into an 

g3p is large eiujugh. * ype crrors arc * cast lively in binaiy system, if V H - V L 

J * decision Making : 

ma * tc decision Means one conlro * processes. To achieve, this it has to perform tests or 

fcXistrue? cans one to ask question. 

* s Y, J i s false ? etc. 

also binary ° f *** questlon ls e,ther ^ or false i.e. binaiy system and therefore decision will be 
* e. if X is true, switch ON S,. 

Y « false, switch OFF S 2 and so on. 

Thus input variable signals wiU decide the final controlling output 

Convention : 


v . n ^ nai ^ S ^ stem two states 1 and 0 are present. Here you would like to know, what will be the actual 

age or t se levels ? These voltages are redefined or user defined ? Answer for the first question is, the 
toltage levels for High and Low levels will vary from family to family of the logic circuit. Family means 
TTL (Transistor Transistor Logic), ECL (emitter coupled logic), DTL (Diode Transistor Logic), CMOS 
(Complementary MOSFET) and so on. The detailed study of these families is in last chapter. 

The answer for the next question is, the voltage levels are predefined by manufactures of the chip UseT 
cannot change it. 

For our Convenience we will take presently. 

HIGH LOGIC = 1 = V cc = + 5 V. 

LOW LOGIC = 0 = GND = OV 


Digital : Present : 


Before we step learning digital Electronics, it is obvious that you should be aware with application^) 
of it. Means where you are going to apply the knowledge of the subject. 

You must have come across microprocessor based system, computers, digital multimeter, digital 
display Instruments etc. In short I will say it is becoming digital world. The most wide application is 
Computers To learn inside of the computers this is the base. Secondly, as digital is easy to implement, 
in 90 % cases you will find that analog systems arc replaced by digital. 

Remember that in real world all the physical parameter is going to give you analog signal ONLY. I 
convSS XhU we use (analog to digital convener) Otse we get digital form of dw stgnt 

it is veiy easy to operate upon digital data and analyse. 


1.3 Numbering System^ 


hex number system. 


Scanned by CamScanner 



*) 


1 


1! v 





V 

r 


of 


constmrtin ara ^ 1 '" ^ l - 1,s can combined in various »j>s k> represen* **■> ___ cU ti 

® 3 number is lo form a sequence or string of digits in which ^ ^ from 


F ° r examp,c ukc 3 d,gn nun>bcr 
1 >' ,e ns (8) and unit (6) 

U e can decompose the number as 

*'86 = 7 x 10 : + 8 x 10 


> nun*** F* *2 ,* repre 

w 

786 The "*6 


0) 


“"iv t 6 x 10' (of nun»^* ' v-j i^is 

This method is decimal system This is good example of positional ,K '‘* , n miudi6*^ **** ■ ~ 


nun** 


er* 


Here 


\OU 


W.V1IIUI svsieni i ms is good example ui t of m««* u 

mas ask. »-hut do you mean by positional notation ? 1» means that. c.vh >£ * ^ 

fixed value (or weight) determined b> its POSITION This number is also c ^ ^ >sh , 
sxstem. For dectmai number sx stems all the weights used are powers ct the n 


m her 


With 


In 


number of available digit txpes. give the final decimal number (Equauon < I >) fractional p* irt .. 

r> , . . ^ V _ m n>nresent /rim ... of l u 


Presentlv we haxe shown onlv integer part One max require to re P n ^ S ^ af ^ nc'~aU' c P°^ efS 


decimal system fractional part is denoted bx sequences of digtts " hose xxeic special sy 

The integer part and fractional part represents the full number Both are sopan 
Decimal Point. For example 1414 This number can be decomposed 
1.414 = 1 x 10° + 4 x 10 1 + 1 x l(r : + 4 x 10 } 


mbo\. the 

... ( 2 ) 


Number Base 


•eneralised fora. also. Wh,lc 


x , as 

>♦ 


X , X r 


♦ x 


x r 


... 0 ) 


The decimal number notation shown in Equation (2), can be written in gene * ^ ^ nu ntbcT 

writing the equation in generalised form quantity 10 is replaced by r. called base or 
sxstem We will represent number x ; x, v x. , 
x, x, x x. , x , = x, x r + x, x r' + I,) x 

As complied w ith Equauon (2). we haxe replace 10* by f. 

A positional number notation of this type is called a base r or r - ary number system, um T 
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iaital 


n| imhor 

By 


1-9 


Number Sy»t»m 


2° 

2 1 

2 : 

2 5 


1 

0.5 

0 25 

0 125 



(4) 


y Pulling r -1 1 L 2 I 0 5 

' x . * i ! ♦ * 3 ?'i* lc " M1 ; i '' c e t '“rHi»nroib™rt 

ft*—-* *•“ **•**•**.«» 

^ 1 * a ^ number is , „ , , then x, x, x = loi 

2X2 +X 1 X2'+X 0 X2» 

~ 1 X 2 : +0X2' + | X2 " 

■* +0 + 1 _ . 

1 ~ 5 -> decimal. 

10 ^2 "here 2 and 10 shows 'base' 

1-4.1 Decimal to Binary Conversion : 

In th* 

from dccinnl in hin* ' l? comc d gi'en dccim.il number to ns equivalent binarv For comemor 
^ ; ji - m WC us £ . »«»«»fe nahbh method Tbc slcps to be followed are given as follows 


Step 1 
Step 2 
Step 3 
Step 4 
Step 5 


Take Decimal number. 

Divide number by 2 and note down quotient and Remainder. 

Division of Quotient occurred, by 2. 

Repeat step 3, till quotient is no longer divisible by 2. 

Equivalent binary number is read from bottom (this bit becomes MSB), to top (this hi 
becomes LSB) 


Note : 


(1) Here MSB means Most significant bit means left most bit. LSB means least significant bit 
means right most bit Say for example binary number given is, 

10 0 10 

T T 

MSB LSB 

(2) The approach described below is valid for Integer part only For fractional part different 
approach is used 


Scanned by CamScanner 


Ex. 2 : 
Soln. : 


i.. 


1-10 


WioM?) a 


2 

2 

2 


f Kcmuimlaj 


2 

I 


I 

o 

0 


I * I 


Write number f rom bottom to top 
< 9 >io * (I <><) |)„ 


Ex. 3 : Convert decimal 14 to binary (14) 10 • (?) 2 

Soln. : 


2 

2 

2 


14 

I Quotient 

7 

1 


[ Remainder) 

0 


I 


I 


— * I 


Write answer front bottom to top 
(M) 10 (III 0) 2 

T T 


MSB LSB 

V 


Given nuiiibcr 


> (LSB) 

♦ 


—4 (MSB) 


Original number 
> (I, SB) 


4 (MSB) 


Number 8y*t*m 
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4331 


•n above case \vc 1 ~ — *— 1 ^ — — Number System 

— _ C P S followed arc as follows • * nte h cr Number. In ease of decimal fraction to bmar>' conversion. 


Step | 
Step 2 
Step 3 


Decimal fraction multiplied bv 2. 


Again cominJer ° CCUrrCd ,n stcp 1 1 thc numbcr wh ich is just before decimal point I 

before thc decirnTnomt^F '° n °l partoccurrcd ,n ste P 2 ~ and recording a number just' 

Step 4 : steo t Zia k answer occured after multiplication 1 

Let s solv CO,M,nUCd dCPCnding UP ° n U,C number of b '* (digits) required 

LcisjoUc^so mc examples for |he <;imo 



Decimal fraction 


Base 


Answer Recorded bit 


0.6 1 

X 

2 

= 

1 22 

1 

0.22 

X 

2 

= 

0.44 

0 

0.44 

X 

2 

= 

0.88 

0 

0.88 

X 

2 

= 

1.76 

1 

0.76 

X 

2 

= 

1.52 

1 

0.52 

X 

2 

= 

1.04 

1 


(MSB) 


top to bottom 


(LSB) 


i 


Now (his fraction results in recurring binary value, hence a typical case we continue upto (» significant 
bits. Normally 4 to 5 bits after fraction is more than enough 
••• (0.61 ) f0 = (0. 10 0 1 1 1) 2 
T T 

MSB LSB 


Ex. 6 : Convert (0.8) 10 

to equivalent binary 





Soln. : 







Decimal fraction 


Base 

Answer 

Recorded hit 



0.8 

X 

2 

1.6 

1 

(MS 

B) 

0.6 

X 

2 

1.2 

l 



0.2 

X 

2 

0.4 

0 


! 

0.4 

X 

2 

0.8 

0 

1 

1 

0.8 

X 

2 

1.6 

1 

(LSB 

Now the chain is repeating, therefore stop. 

. m • t\ 1 \. 






( 0 . 8), 0 = ( 0 . 1 I 0 0 1) 2 
T t 

MSB LSB. 


Ex. 7 : Convert (500 . 21) 10 to its equivalent binary. 

Soln. : Here we have lo operate upon 5(H) and 0.2 1 differently. First lake 500 i.c. Integer pan. 
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2 

2 

2 

2 

2 


*00 

Quotient 

250 

125 

02 

n 

15 


K**n» Minder 

0 

0 

I 

0 


2 

7 

1 


2 


1 


2 

1 

1 


<*»>), 0 1 1 

1 

1 1 1 0 | (Ml 

- 1 


Now lor fractional part 

Decimal fraction Raw 

Answer 

Recorded hit 

0.21 

x 2 

0 41 

0 

0.41 

x 2 

0.82 

0 

0.82 

x 2 

1 04 

f 

0.64 

x 2 

1 28 

1 

0.28 

x 2 

0 56 

0 

0.56 

x 2 

112 

t 

0.12 

x 2 

0 24 

0 

••• (0.2I), 0 “ 

(0. ooi ioi 0) 2 




Now combine both the answer. 

(500 . 21 ) l0 = ( 1. 1 .1,1 I 0 I 0 0 ... 0 0 1 10 1 Oh. 


, ll.HlB 


, (MSB) 


| Ex. 8 : Convert (37 31 ) 10 to 10 bit binary 

Soln. : As mentioned in question total there has to 10 bits First take Integer pari 


2 

1 .17 




Quotient 


Remainder 

2 

IS 

1 

2 

9 

0 

2 

* 

1 

2 

r 

2 

0 

2 

1 

0 


t 

i - 

■ — . — - 

1 


(3%*(100I0I) 2 


* (LSB) 


(MSB) 


(MSB) 


(LSB) 
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‘y.idi 


h. Fro "' "***• *“*« - fc. d^' 

^rcima£ frj|cfit) n 


arc total 6 b« Sovou have to fiu 


Answi 


Numb#* 

w fraction auswt i m 4 


Rworvlcd bit 


((ni V fi (O.I)|()0), ~ °- % 0 

To, aI (37 -*l>,o-<l 0 0 10 1 0 1 0 0 K 

"eights'!. " X 4.' , 2 rn Uu ‘iT T ' ' V ou « »" « " «h b.nan posmoMl 

• M 11 « ant to find out bmarv of ( n>, 

I .* = X + 4 + 1 

8 4 2 I 1 Weights 

. ,,J * 0 1 * Btnarv dieits 

•• (^io = (1I0I) 2 . ’ w 

Same way (30) IO -- 1<» + 8 + 4 + 2 

• • 16 8 4 2 l — -> Weights 

1 J 1 1 0 > Binary digits 

(30), o = (Mil 0) 2 

1.4.2 Binary to Decimal Conversion : 

A binary number can be convened lo its equivalent decimal form b> multiplying the bus b% tl 
binaiy weights. The bits to the left of decimal point arc multiplied b> power 2 . 2‘. 2 : and so on. fi 
LSB to MSB respectively. The bits to the right of the decimal are multiplied b> negative power of 2 
2 '.2 ,2 1 and so on. Let's solve some examples to understand the concept clearly 


Convert (1 1 1 0 0) 2 to equivalent decimal (1110 0) 2 = (?) 1 


Soln. : 


MSB 

Write binaiy number » 1 110 

Weights of number > 2 4 2* 2* 2 1 

(1 1 1 0 0), = 1 x 2 4 + 1 x 2 ? + 1 x 2 : + 0 x 2 1 + 0 x 2 

= 16 +8 + 4 + 0 + 0 

= 28 

/. (II 1 00), = (28) l0 


c. 10 .* Convert (1 1 0 0 1 0) 2 to decimal 


Soln. : 

Write binaiy number 
Weights 


1 I 


2 4 2' 2 2 2* 2 ft 
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( 1 1 0 0 | 


3 2 * 2 + 1 * 2 4 + o X 2 3 + 0 X 2 2 + 1 x 2* + o X 2° 

50 + 16 + 0 + o + 2 + 0 

< 5 <»,o 


3 1 + ,, 

(iio«, 10) : » + 0 + 0 + 2 

iiTTr. 1 (50 >.o 

• ConverTm ^TT'rTT'' 

So, n. ; This is ex 0 1 >2 to decimal. 

Binary number °^^* nar ^ ^ rac t>or* to decimal conversion. 

Weights ° 0 1 10 1 

x - • * 2" 3 2 4 


• ^ ^ * 2~ * 2“ 2 

(0. 1 1 0 l) 2 = 0 x 2° + 1 X T 1 + 1 X T 2 + 0 x T 3 + 1 * 2 


= 0 + i + i + " + t 

= 8 + 4+1 = 13 

16 16 
= 0.8125 

(0.1 10 1), = (0.812 5) 10 . 

Ex. 12 : Convert (1 1 0 0 1 0 1 1 . 0 1 1 1 0) 2 into decimal 

Soln. : 

= 1 x 2 7 + 1 x 2 6 + 0 x 2 s + 0 x 2 4 + 1 x 2 3 + 0 x 2 

+ 1 x 2 3 + 1 x 2‘ 4 + 0 x 2 s 


jsjurnbeL- 


vsteffl. 


0 x 2 : + 1 x 2’ + 1 x 2° + 0 x 2 1 + .1 X 2 ' 


= 128 + 64 + 0 + 0 + 8 + 0 + 2 + 1 + 0 + 0 250 + 0. 125 + 0.0625 + 0. 

= (203 . 4375) ]0 


(1 1 0 0 10 1 1 0 111 0) 2 = (203 . 4375) |0 

Now let’s write 0 to 15 decimal number and its equivalent binary number. From this Tabic wc will 
derive some conclusion. The Table is as follows . 



Scanned by CamScanner 


V 


Digital 


Points 

0) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 


N j f r>be f S 1^*^' 


B 0 bit is LSB and B 3 is MSB “ 

0 bit toggles or changes state as decimal number increments by 1 

1 it c anges (toggles) state when decimal is incremented b> 2 

2 C ® CS state w ben decimal number is incremented by 4. 

Hall} B 3 changes (toggles) state when decimal number is Incremented b\ eieht 


— - V I VICIH U1IK ^ 

^om point 2, 3, 4 and 5 we conclude that changing also follows 1. 2. 4. 8 i.e standard bit 


While changing from (0 0 0 0) 2 to (0 0 0 1) ; only one bit i.e B 0 bit changes state 

While changing from (0 0 0 1), to (0 0 1 0) 2 . two bits i c B and B chances It means B 

changes from 1 to 0 and B, changes from 0 to 1. 

While changing from (0 0 1 1) 2 to (0 1 0 0) 2 . three bits changes the suite t c B . B and B. 

Finally when number (0 1 1 1) 2 changes to next state i.e. decimal either (1 0 0 to., then fombits 

changes state i.e. B 0 to B v Here B 0 . B, and B ; changes from 1 to 0 and B , changes from 0 to 1 

In number system it is always preferable that one bit changes at a time, because if two or more 
bits changes the state at a time, because of the speed difference in electronic eompener' sc*ie 
FAULTY state MAY BE INTRODUCED in the sequence We arc gome to elaborate this when 
we will study codes 


1.4.3 Nibble, Byte and Word in Binary : 


We have already studied bit in binary system. 

Nibble : A group of 4 bits referred as Nibble.- B 3 - B 0 represents nibble e g 1011 . 1001. 11 « 
and so on. 

Byte : A group of 8 bits or 2 nibbles referred as Byte B 7 - B (l represents B> te 
1 0 1 1 11 0 0 8 bits / 1 byte / 2 nibbles. 

I >1 

B T Ba 


Word : A group of 16 bits or 2 bytes or 4 nibbles referred as word 

C g 1 1 1 0 1 1 1 1 110 0 1 0 0 1 -41 word / 2 bvtcs I 4 nibbles 16 bus 

' 'i 4 

n . B rt 


Double word : A group of 32 bits or 2 words or 4 bytes or H nibbles ts referred .is Double Wori 


1.5 Octal NumberSy stem 


During the initial stages of development in the field of digital number sy stems repnsentatron. th 
Tl I and T as V because it becomes monotonous job. and you wt.l confuse your self. 
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1-16 


-r.. ~ 1-16 _ jjjgSC d>^ U> c> 

WW^ < T > lT bCr SVS,Cm te base or X ion teprescnls nn.nbc, Horn " » ’ ^ y H‘> ^ of ** 
becomes O " s oc,al r »n„ To repreJ. .. to 7 we require r*«* , ,»,gc 

(btiiiuv di I 10 represcm “umber and to performs arithmetic. Instead o 


s tri n & 


he weights tor actual number system can be given by 


Octal number 
Equivalent Decimal 


3 


X 

512 


<>4 


X' 

X 


I 

s 


64 


SI2 


By putting r = X in Equation (3) we get equation for octal. 

. . - . O? . . 1 ..O n I i V/ ! 


(5) 


X 2 X X : +X. X X 1 +.V.X X° + X . x X 1 +X ; 


X x 


- I ~ ‘ m 0 I “ - ^7^ 

Let's take an example if given octal number is (x, *| \>) " ' ■ h 


x, X X- + X, X X 1 


+ x 0 X X" 


+ 7 x X° 
+ 7 


1.5.1 


3 x X : + 5 x X 1 
1 92 + 40 

239 > decimal 

(357), = <239) 10 

Decimal to Octal Conversion : 


I t octal The method 

In this, decimal number will be given to you and you ha\e to find ^ ^h.-inee is instead ol 


you have to imu u». ^ ^ ^ is inS ici 

used is Octal dabble method The method is same as that of double dabble, on y ^ Th „ cl( , DS to be 


used is Octal dabble method The incUiod is same as tnat or aouu.w u. 0 (0 7 The steps 

2. divide number by X Secondly, as far as remainder is concent, it may c w 

followed arc given as follow s 


[Step 1 : 
| Step 2 : 


and remainder As suited previously, remainder 


I Step 3 : 
Step 4 : 
Step 5 : 


Take Decimal number 

Divide number by 2 and note dow n quotient 
within the range of 0 to 7 is valid 
Div ision of quotient occurcd, by X 
Repeat step 3. till quotient is no longer divisible by 8. 

Equivalent octal number is read from boltom (this digit becomes MSD). to top (tilts 

becomes LSD). 

MSD - Most significant digit 

f.SD - Least significant digit. 


Note r Approach specified above is valid only for Inte g er part 


Let's first solve sonic examples to understand the concept. 
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^ * Convert (25521 ♦ * 

Soln. • 10 *° * s •9 u *valent 


1-17 
octal form. 


Number Sys tems 


J^ 552 ),o = (4770’) 



Original Number 
»(LSD) 




(MSD) 


follows : PS to com ert fractional pan 0 f decimal lo its equivalent octal form Steps arc as 

I Step I : Decimal fraction multiplied by 8. l 

Step 3 ! AoZ d <f T n> ^ T“" ° CC “ red mS,ep ' , lhe nunlbcr "*** « just before dectmal potot. 

' before ^ Pa " “ S ' ep 2 ' - ■ number jus, 

ore the decimal pomt from the answer occurred after multiplication. 

L tep 4 : Step 3 should be followed depending upon number of significant digits required . 

Let’s solve some examples. 

Ex. 15 : Convert (O.32) 10 to its equivalent octal form. 

Soln. : 


Decimal fraction 


Base 


Answer 

0.26 

X 

8 

= 

2.56 

0.08 

X 

8 

= 

4.48 

0.64 

X 

8 

S 

3.84 

0.12 

X 

8 

S 

6.72 


Recorded hit 

2 

4 

3 

6 


MSD 


(0.32), 


(0. 2 4 3 6) 8 

t T 

MSD LSD 


Ex. 16 : Convert (0.26) 10 to its equivalent octal form 

Soln. : 

Decimal fraction Bast 

0.26 x 8 

0.08 x 8 

0.64 x 8 

0.12 x 8 

0.96 x 8 

(0.21)| 0 38 (0 . 2 0 5 0 7) g 


Answer 

2.08 
0.64 
5 12 
0.96 
7.68 


Recorded bit 

2 

0 

5 

0 

7 


MSD 
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E*. 17 ;c 


° n ^t30C 0 
f^Ncm r rt , 


Nurt 


it >* f S ^* 


Aero* 


1-18 
octal number 


8 i 

X 

8 1 
8 




s hotly Integer 

as well as fractional part 

Let's take h' lc 8° r 

1000 



| Quotient | 

| Remainder) 


— 

0 

» (LSD) 

: 4«> 


t 

5 

6 

1 


5 — 

> (MSD) 



X 

X 

X 

X 


Base 

8 

8 

8 

8 


Answer 

. 1.6 

4.8 

(>.4 

1.2 


Heco riled 1»»* 

1 

4 

6 

1 


MSP 

1 

► LSD 


--- (0 45> j0 = (0 .146.1), 

Finally total answer (.KKK).45) 10 = (5670 .1461), 


1.5.2 Octal to Decimal Conversion : 

A octal number can be converted to its equivalent decimal form by multiplying the digits b\ their 
octal weight The bits to the left of decimal point arc multiplied by power 8". 8 1 , 8“ and so^on. froi ^ 

•v MSD respectively The bits to the right, are multiplied with negative power of 8 i.c. 8.8.8 
so on U e w ill solve some examples for the same 

Ex. 18 : Convert (746) 8 to its equivalent decimal (746) 8 = (?) 10 

Soln. : 

Wnte Octal number > 7 4 6 

W eights of number » 8 2 8 1 8° 

= 7 x 8* + 4 x 8 J +6x8° 

= 7 x 64 + 32 + 6 x 1 = 448 + 32 + 6 

= 486 

-* (746) t = (486) 10 


Ex. 19 ; Convert (0 123) 8 to equivalent decimal 

Soln. : 

Write octal number * 0 . i 


(June 99, 1 Mark) 


Weights > 8° . 8' 

= 0 x + J x 8 1 + 2 x 8 2 + 3 x 8 3 

A .2.3 


2 

8 2 


3 

8 3 


= 0 


8 


64 


* 0.1621 
(O.I23) t - (O.I62I) JO 


512 
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This number system offers an advantage over octal system in the sense that four bits are grouped 
together to represent a hex digit. As a result more crunching is possible of binary digits. This number 
system is most widely used in microprocessor based system and computers. 

The hexadecimal number system has base of 16 i.e. it represents from 0 to 15 designated as 0, 1, 2, 3, 
4, 5, 6, 7, *8, 9 A, B, C, D, E, F. 

The weights for here number system can be given by 

... J6 3 16 2 16' 16° 16" 1 16‘ 3 

By putting r = 16 in Equation 3 we get equation for hex. 

... + x 2 x 16 2 + x, x 16 1 + Xq x 16” + x_ , x 16“ 1 + x_ 2 x 16" 2 + x_ 3 x 16" 3 + ... v . 

For example if given hex number is (1 A F), 6 
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1 



>, 




V " hr 

1 * 16 
16 

,, , 2? 6 
'* A F) 




v - 16' 
A ' 16 

“» - 16 
1 60 


1-20 


1 . 6.1 


(431) 


* ' ' 16 

* F ' 16 

* '3 x | 

* 15 * 41 | 


11 DeCimal <° Hexacec^a, 

^ O CO m x. M m 


4 F 

t •> . 

* ♦ 

. .♦* 

/u 

If 

i 

\ i 

■ v 

> *• 

r 


(hex.) Conversion : 


lo »mcn<tx. . „ w ,w a* <“ 

dabble Tlx '? “= « SOM* 10 u* *«. Jo*«. melted TV «* h f bc ^.h*" IV 

°K> 15 Thg.it n " ' change is imtead of 2. Like booc 16 Second!? remoiodct - 

~ _Z_^£P S are as follows — — 

** * * rai<e deci,na I number ben»ce n 

c i* 2 *' D.vidc number b> 16 and note down quotient and remainder Remainder shook* be 
^ngeoiojs 

Ste P 4 ' S,0n ° f qiJOt,em occurred b> 16 

l ep 4 ■ Repeat step 1 uJl quotient is no longer divisible b> 16 

I <C|>5 Ec,un a,en * hex numbers arc read from bottom « this becon e MS t op ith** bc^ n * -^ 

Note - a( ~~ 

' 10 )io = A 

111)10 = 3 

(12) , 0 = C 

(13) 10 = Q 


the 


i 


(14 

(15) 


W 

10 


( 2 ) To represent hex number *ve use K or h e g 12 A F H (12 A F h) 
‘ 3 ; . re me;hod mentioned above is va d only for Irteoer 


Ex. 21 : Convert (2338) 10 to its equivalent hex format (2338 . ^ = ?), 6 

Soln. : 


i June 99, 1 Mark) 


16 


2338 


Quotient 


Remainder 


Original r.umhrr 


16 

16 


146 


(Decimal) 

2 


9 


(2338) l0 = (9 2 2) lt = 922 H 
t t 
(MSD) (LSD) 


•*•9 


(LSD) 

(MSD) 


00 » r^dx.^,4 
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- Digital 

Soln. 


1-21 


16 


16 

16 


102-1 


Quotient 


Remit inder 


63 


3 


(1023) j 0 s (3 F F) 16 = 3FFH 
T T 
MSD LSD 


(Decimal) 

15 

15 

► 3 


Ex. 23 : Convert (461 ) 10 to its equivalent hex format. 

Soln. : 



Numbflf 

Systems 

number 



(hex) 



F 

F 

\ 

\ 

. 'Hr ()f 

▼ ^ * * 

3 

(MSD) 

5L IT 



CO 

D- 


S 


f'o * 


16 


461 


Quotient 


Remainder 




(Decimal) 

(hex) 


16 

28 

13 — 

> D 

(LSD) 

16 

1 

| 

12 — 

— > C 

1 


i 

► 1 

* 1 

(MSD) 


he 


(461) 10 = (1CD) 16 = 1CDH. 

Now we will see how to convert fractional part of decimal number to its equivalent lies format T 
method is same as previous methods i.e. multiply with b ase and record the digits. 

Step 1 : Decimal fraction multiplied by 16. I 

Step 2 : Record (from the answer occurred in step 1 ). the number which is just before decimal point 

Step 3 : Again continue multiplication of fractional part occurred in step 2. and recording a number just 




before the decimal point from the answer occurred after multiplication. 

Step 4 : Step 3 should be followed depending upon number of significant digits required 


Let's solve some example. 


: x . 24 : Convert (0.122) 10 to its equivalent hex. 

loin. : 


(June 99, 1 Mark) 


Decimal fraction 


Base 


Answer 


0.122 

0.952 

0.232 

0.712 

0.392 

0.272 


x 

x 

x 

x 

x 

x 


16 

16 

16 

16 

16 

16 


I. 952 
15.232 
3.712 

II. 392 
6.272 
4.352 


Recorded 

(Decimal) 

1 

15 

3 
11 
6 

4 


Bit 

ei 

1 


-> (MSI.)) 


F 

3 
B 
6 

4 


4 

(LSD) 


( 0 . 122 ) 


10 


(0.1 F 3 B 6 4) 16 = «. 1FIB64H 

t t 

MSD LSD 
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I 

lit r ■ 

I 


.f 

v 


26 : Convert~(2003 3-n I : 

So| n * j n *|^ ^)io to equivalent hex. 

. P ro ^ em we have to handle Integer and fractional part separately. 

Ir> I taa -» , 

— > Original Number 

0 


16 

16 


2003 


Quotient 


Remainder 


125 


Decimal 

3 

13 


(2°03)| 0 = (7 D 3 H) 

Decimal fraction 


3 

D 

7 


0.31 

0.96 

0.36 

0.76 

0.16 


x 

x 

X 

X 

X 


Base 

Answer 

ice 

Decimal 

16 

4.96 

(4) 

16 

15.36 

(15) 

16 

5.76 

(5) 

16 

12.16 

(12) 

16 

F 5 C 2), 

2.56 

(2) 


LSD 
MSD 

Recorded bit 


hex 

(4) 
(F) 

(5) 
(C) 
( 2 ) 


1.6.2 Hexadecimal to Decimal Conversion ; 

The hexadecimal number can be converted to its equivalent decimal form by multiplying the digits by 
their hex weights. The bits to the left of decimal point are multiplied by power 16°, 16 l , 16 2 and so on, 

from LSD to MSD respectively. The bits to the right, are multiplied with negative power of 8 i.e. 16“ ' 
16 - 2 , 16- 3 and so on. 

Let’s solve some examples. 


Ex. 27 : Convert (2 AF) 16 to equivalent decimal. 

So/n. : 

Hex Number 
Weights 

= 2x 16 2 + Ax 16' + Fx 16° 

= 2 x 256 + 10 x 16 + 15 x 1 
- 512 + 160 + 15 

« ( 68 7) l0 


(MSD) 

2 

2 

16 2 


A 

10 

16' 


(LSD) 

F 

15 

16° 


Scanned by CamScanner 


Number System 


Digital 


1-23 


Ex. 29 : Convert (0 F2/) 1# to lt» equivalent decimal form 

Soln. : 


Hex Number 
Weights 


0 

16° 


M S D 
4 
F 

16 1 


2 

16 2 


0 


(0 ‘>4702) 


16 


It? 


16’ 


LSD 

4 

7 

16 ' 


- 0 X 16° + F x 16 ' + 2 x 16 2 + 7 x 16 ' 

15 2.7 


10 


Ex. 29 : Convert (10F 2F) 1# to its equivalent decimal number 

Soln. : 

Hex Number > l 0 F 2 F 

1 0 15 2 15 

Weight > 16 2 16* 16° 16 1 16 : 

= 1 x 16 2 + 0 x 16' + 15 x 16° + 2 x 16 ' + 15 x 16 : 

= 271. 1835937 



PiS'tal 


Systeni- 


^ — ^ 

on JF 50 

- ~ ' 10 <° 17.20,0 27. 30 lo37 and so on. 


-Conversion : 


°cial. Hex to binarv h?* *** ®°‘ n 8 t0 study conversion of one tvpc of numbering lo ot ^ r _^. / octal or 
v '« Versa ' ' b,na,> ,0 «c. Up.il! now we have studred decimal to hex / b.naO 


171 Binary to Hex : 


J 10 v ^ * 


hex digit 00 ™ CrS '° n " C 8r ° UP binaiy bits in f >’ rou P °f 4 bits (Nibble) and we wiH f,nd ?V* concSp ° ^ 
Say for an example. , \ ' \ 1 r Vo 

Given binary number is 1 1 0 0 0 1 1 0. 

Now start grouping from LSB bit and travel right to left. 
i-Lliii ^ 1 ( j > Binary 

t r 

MSB LSB 

Now refer Table 3. You will find that (1 1 0 0), = (C) l( and (0 1 1 0) 2 = (6) 16 . 

V 1 ° ( - ) 1 1 °> 2 = (C 6 H) 

The abo\ c method was for Integer. For fraction, basic remains same i.c. you have to group 4 bits. But 
icre starting point is after traction Point. For example if given binary' number is 0.0101 1101. 

tlien 0. ,0101, ,1 101, ■> Binary 

Jl U 

0.5 D > Hex 

(0. 0 10 1 110 1) 2 = (0. 5 D H). 

Ex. 30 : Convert 1* 1 0 0 1 10.01 1 0 1 0 to its equivalent Hex form 

Soln. : If you count Integer and fraction part of given number, you will find that we have 7 bits for Integer 
and 6 bits for fraction. Hex we have to add extra zeros. After adding extra zeros we get. 

lJL J 1 ILi i 0 1 1 0 1 * » 0 110, i I 0 0 0 . ^ binary 


Here adding zero's in Integer part at MSB bits and adding zero's in fractional part at LSB will not 
change the actual binary' number. 

/. (I 1 00 1 I 0. 0 110 1 0) 2 = (66 . 68), 0 

(Leading zeros in Integer part and trailing zeros in fractional part arc Don't Care for us ) 

Ex. 31 : Convert (1 1 0 0 1 0 1 0 1 1 1 1 1 0) 2 to hex. ~ “ 

>oln. : 

idcd+-J() i l] ill J! ! 1 !j i J 11 L K J i 1 o . w;— 


10 11 


(II oo i o i o i i . 1 1 I 0) 2 
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(J 2 B . E) l6 . 


J — J — L => binary 

E =* u«w. 


E*. 32 : Convert (1 1 0 1 0 1 1 1 0 1 0 1 1 1), to h*x 

8o,n : A _ 1 _Ji ,» 1 o i. j i j> L L o i j_ ^ 

U U u a 

0 5 » 7,,. 

— •' n 1 °L° 1 LL° i 0 1 1 1 ). ■ 0 5 0 7 ), 


.v - 


17.2 Hex to Binary Conversion : 


. , // 






• K 


Wc know that one digit of hex is group of four bits of binary So convening hex to binary w exactly 
reverse of what we have done in Section I 7 I Binary lo hex conversion 
l or example if HEX is (A 1 2)„, then binary is 

A 1 2 » fox IRefer Table 3| 

^ U U ♦ binary 

I 0 1 o 0 0 11 0 0 10 

•*. (A 12 H) - (1 0 | 0 00 | 1 0 0 1 0), 


Ex. 33 : Convert (F' F A) 1(j to nqiii va'^nt r * a'/ 

Soln. : Refer Table 1 for conversion 

F E A 

u u u 

1 I I I 1110 10 10 

(F E A ) lfi "FEAH-d I 1 I I I I 0 I o I 0). 


hex 

bireirv 
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\4 


-Digital 

o o i q. 

„ L > Binary 

<1 Jl 

^ > Grouping 

- (0 ' 100 Ih = ( 31 ), ' ° rt * 1 ' 



Soln. : n i , 

0 -J - 1 0 1 0 1 — Binaiy 

q ^ ^ > Grouping 

•• («• 110101 )^( 0 . 65 ), 5 _ * 0C “‘ 


NuCS 

, * 




\mrt+. 


Binaiy 

Grouping 

Octal 


Buur\ 


Ex. 38 : Convert (1 0 0 1 0 1 0 . 0 1 1 0 0 1 0 1) 2 to octal. “ ^ 

Soln. . l - 1 o o l o i o . o i i o o i o l - * 

We start combining groups of three bits in either direction from Fractional Point It required pi 
zeros to extreme left or extreme right of the binaiy number to complete three bit group, as it »*lps » n 
grouping but does not affect the number. 

* ,e 0 1 0 0 1 0 1 0 . 0 l l 0 0 1 0 1 0 > Binary 

V JJ U Jl U U 

1 1 2.3 1 2 

•** (1 o 0 1 0 I 0 . 0 1 1 0 0 1 0 1 ) 2 = (1 1 2 . 312) g . 

Ex. 39 I Convert (0 . 1 0 1 1) 2 to octal. 

Soln. : (0 . l o l i ) 2 = (o . l o i i oo >, = (0.5 4) 8 . 

Ex. 40 : Convert (110 110 1) 2 to octal number. ~ 

Sol". : We pul zeros to be left of number as il does not change the number. Gtoupmg done from right to 
left i.e. Loo to MSB. 

(1 I 0 I 1 0 I), = ( 0 0 I 10 1 I 0 | ), = (| 5 5). 

1.7.4 Octal to Binary Conversion : 

9 

This is exactly reverse of what we studied in section 1.7.3. In this case octal numlw » v 
'ou. You have to refer Table 2 and go on putting 3 bit binary value for .k. * 1 ** 1 

samples. r ,he same Let's solve som 


x. 41 : Convert (746) a to binary. 

oln. : In binaiy 7=111 

4 ■ 1 0 0 r 3 bit binaiy representation 

6 = 110 , 

/. (746), *(1 1 I 1001 10) 2 . 
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s 6 :,„ 42:c 7 ,,(0543, * ,obi ^ 

<° 543, s J ( o ‘ , o ,° ,° 0 0 o 1 0 ' 

x * 43 : ConvertTTT^ ,r 

Soln. : 11 2 3 • 5 6 7), binary. 

00 , ofo of, • 

023 ■ 5S7) ' ' (0-11-0 1 alii 1 ,, in J// 

— — LL2 1 o 0 1 1 . i.o i i i n i 



6 


7 

It 


Octal (Refer Tabic 2) 
binaiy equivalent 


1-7.5 Hex to Octal Conversion : r/ 

binaiy bits) and then combine groups'of [tore bits' ^ u,va ‘ cm bi,la ^ <'•«• represent each lies digit by Tour 
solve some examples. b " S (a! cach ocla < di 8 it « combination of three bits.) Let's 

Ex. 44 : Convert (4 CE)„ to its equivalent oetal form 

Soln. : 

( 4 C E ),6 

Hu# 

binaiy _ 


Itex 


v v (1 

(0 1 00 1 1 0 0 111 0) 2 


Hex to binary Conversion. 


0 l 0 0 1 1 00 1 1 1 0 ) 2 


li 

2 


11 

3 


li 

1 


binary — 
Octal _ 


It 

( 2 3 1 3 ) g 

Note that grouping of bits in 'three' is done from LSB to MSB 
(4 CE) 16 =(231 3) g . 


Binaiy to octal Conversation. 


Ex. 45 : (0 . 12 E) 16 = (?) 8 

Soln. : The question is to convert hex to octal. 


(0. 1 

2 

E )l6 

— > hex *i 

li 

It 

It 


000 1 

00 10 

1 1 1 0) 2 

> binary-* 

o 

o 

O 

100 101 

110 h — 

-> binary . 

1 1 

It It 

It 


(0.0 

4 5 

6)8 

-> Octal 1 


hex to binary. 


binary to octal. 


Note that bits are grouped starting from the fractional point and moving right. 
.V (0. 12E) ]6 = (0 . 0456) g . 
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1.7.6 Octal to Hex Conversion : 

In this, the operation is totally reverse than what we harve done in section » 7 5 First > oU *“* 
corner! octal to binary (group of 3 bits) After that convert binary to equivalent hex (group of 4 bxU, 
solve some examples 

Ex. 47 : Convert (371 ), to equr/alent hexadecimal form 

Soln. : 

0 7 I), , Octal 

Jl V u 

(°ll 111 0 0 1), , Binary 


] 


Octal to binary Com erston 


Binary number is 0 1 1 l 110 0 1. Group them into four bits, starting from rigid to left 
«> ,1111, , binary 

binary to hex conversion 

(0 F 9 ), , rex 


1 


u u 

F 9)t * 

Now in abov e case, we have leading zero, which is of no use. 

Final answer is 
(371 ) s =(F9) h = (F9) I6 . 


Ex. 48 : Convert (0 207), to hex form 

Soln. : 

( 0 . 2 0 7), 

V U 4 

(0. 0 10 0 0 0 I 1 l) 2 


Octal 


binary 


] 


Octal to binary. 


Bma/y number is 0 . 0 I 0 0 0 0 I I I. Now start grouping of 4 bitt suiting after t,.~- , 

and from left to right Add additional zeros to extreme right if required ® ^ actional point 

1 0 00 1 l 10 . 1110 0 1 


You hav e to add extra zeros 

(0 


It 

(0 4 

(0.207), = (0.438), 6 


,0 10 0, L o 0 1 


V 

3 


Jj lL_° 0 0), 


I 

8 ) 


binary 




binary’ 
to hex 
inversion 
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.Ojfijtai 


E*. 49 : Convert 

8oln. ; 


1-20 


Number Sytf m 


(436 71), to it* equivalent h 


H 3f,»7 |), 

« tt u u 

(IW Oil I |Q , in ooi ) 2 
Uirtary number is (10001 1 1 10.1 1 1()01) 2 

w suirt grouping binary bits in group of 4 bits. Add extra zeros on extreme right or left if required 
L° o o l l l o J 


Ocuil “i Octal to binary- conversion 
Binary J 


l i - -I 

f l 


Vou have lo add extra zeros. 

1—2 0 0 111 0 


1110 


0 l 


1110 


« U 

* E 

(436.71), »(8E.E4) t<t . 


0 10 0 


u 

E 


u 

4 


binary 

hex 


Conclusion ;• 


Easy way to remember conversion nilcs is as follows : 

(*) Decimal to binary - division by 2. 

(ii) Decimal to octal - division by 8. 

(ill) Decimal to hex - division by 16. 

For converting a decimal number to any form, divide the decimal number successively by thcbascl 
of tJiat form, as illustrated above. 

(iv) Binary to decimal - Multiply by power of 2. 

«w(v) Octal to decimal - Multiply by power of 8. 

(vi) Hex to decimal - Multiply by power of 16. 

For converting any number system to decimal, multiply the digits by powers of that system. 


(vii) Octal lo binary 
(vii i) Hex to binary 

(ix) Binary to octal 

(x) Binary to Hex 
Finally 

(xi) Hex to octal 
(xii) Octal to hex 


Represent each octal digit by three bits. 
Represent each hex digit by four bits. 
Combine groups of 3 bits. 

Combine groups of 4 bits. 


Convert hex to binary' and binary to octal. 
Convert octal to binary and binary' to hex. 


1,8 Floating - Point Numbers : 


‘ All the numbering systems which we have studied so far fall into the category of base r fixed p 
numbers Fixed point number means The fractional point (decimal point) is once finalised wfi\ be fi 
The fractional point, is fixed within each n bit number word. For example if my system is of * bit, • 
define that my fractional point is at 5" 1 bit then binary format will be, 
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f 4 umbe^ 



1~30 


CtB T z£'}^ number „, b,u ... finals for . pn-cuUr .r«nr. you 

b < b; b ’ b b Bi b b » b b , « , b ‘zz~: m £& > «- ^ ,eteB ' “ 

To increase the ranee or itj ® ’ ' “ 1 1 1 1 1 1 '>>•« < 31 *”>■♦ „ nun**' °f 

^ Lct ’ s take example for 32 , (f nurT,bcrs ,0 ** reprove nlcd, the obvious solution is to ' ^ ^fcer you 
03n represent is 5 >stcm. Take that integer part is of 32 bit. Then rn — • 

But Vw" 4 ' 294 ' %7, 295 = 4 29 n <«’ 

Secondly' nmurmm) , ™? n !h^ e r SCn ' An « a 'ums number i.e 4 07 x 10“ A° Ihcn II is no' 

mass of eleet rcp,cicr * above ease i,(0),„- zero Bui ifl wart lo «*><*"< sufV ° 

Hem „ * ki,0gram « ' x 10 * kg ,, „ 

because your ^ '° num bcr of bus. bul jioUncreasrng number of blls is not Ihe solution 

point number Cm Sh ° Ul<l su PP° n '•“! many number of bits So finally the conclusion is. for a /lee 

Remedy • rc P rescitta *'°n one cannot represent very large number and very small number 


in ° VCr a * )0ve P ro blem is, to represent very large and very small numbers, wc 

icu ific Notation. In sci<»nfifir nnintmn «l. «r ki • u ^ jq^ vvlicrc M and E 


have to switch 


over in c**; * * . P rooicm to rcprcsenl very large and very small nu 

arc 01 ' * C 0,a, ' on * scientific notation, number is in the form of N * M 

are feted points numbers called, Mantissa and Exponent respectively 

. ,S an ,ntegcr , ^ al specifies the number of zeros to be appended to M, to obtain Floating point 
rr/iiTTii^ Cre ' V ° U ^ 9 ucst >on that why the Version of Scientific Number (notation) is called 

t \ n™* m we wim simpte «-£ 

This number can be represented as 
1000234 x W 3 10 00234 x 10 2 

100023.4 x 10“ 2 1.000234 x 10* 

1 000234 x 10“ * 0.1000234 x 10 4 

1000.234 x 10° 


100.0234 x 10 1 

In representation of (1000 234) JO , you must hav e observed that decimal point is not fixed as such It 
:an FLOAT from number to number depending upon power of 10. Normally in scientific nnt»ti«« «, 
cpresem number as M x B*. Therefore depending upon our requirement we S ct E and to kJtfflT In 
'edmal point to float. Therefore it is called as floating point numbering system M °* 

In N = ± M x B b , B = base of floating point number system We have taken base - i n f ^ . 
*em. Bu. for binary number it will be 7', B = 2. Ut's see Ihe forma, of floating poim numbl/sJ^T 



1 ^ 

Sign of number 8 bit signed exponent 

0 « +, 1 * - 

Fit 1.9 : Formit of typkol 32 bit floats 
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23Mman,toM «<M«(Wud.on W 


•vaLi _ 


-Pfflitrtl 


i n 




- 'Trw\ 

,,s *iKi»Cil lofi 'Vi" r " r " ,,,< Jor Uoatlny point Tile H, lndicwtr,& ftlgu of numtl*»a 'fW* bit l» 

mimbcns Pmin ko 1)0X11 ^ *° ‘ ,,w * nla * n coropiitlblllty with the wij/o convcrwiion for f ixcd point binary 

binary inicucr w ./ m *° r CH ^ K,nc,,, w hh mnutliilng TS hilt* for tiutnti*«fl, II tKpizmm Atoned 
0 inicBcr. ,o thru exponent value can range from - |?,K m t \n. 

number in ( |^* nrc MandanJiucU by IEEE. According to it vve liavc to reprewnt float mg point 

^ I , M x 2 h 127 (Single Precision - 32 bit) 

£ 1 . M x 2 n 1021 (Double Precision - 64 bit). 

Here M " Mantissa, E ■ E' - 127. 'flic format is shown in Pig. 1,10, 


--1., 

n 

23 

s 

Exponont (E’) 

— 

Mantitua 1 


(si) Single precision 

1 

11 

52 

s 

Exponont (E') 

Manlinsa 


(b) Double precision 


Fig. 1.10 : IEEE 754 format 


E = E* - 127 E' = E + 127 E = Exponent of number. 

The range for E' is 0 to 255. 

Before we go deep into exponent first understand what is l.M. Whenever any number is given to you, 
to represent it in floating point number system, you have to bring down to the format l.M. Say for 
examples where the number given is 0 . 0 1 1 0 x 2 6 . Presently the number has form 0.MM-01I0, 
But' we want 1 . M. So now shift number to left side till you get 1 . M. While shifting the number you 


have to adjust exponent also. 


0 0 1 1 0 x 2 6 » Actual number 

0 ’ 1 1 0 x 2 5 > After l* 1 shift ► 

j j o x 2 4 > after 2 nd shift. J 


Shift operation: 


Now stop here as we have 1 . M. Now M - 10. 
. The floating point number has. 


M= 10 


S = plus (positive) 

£»_.£+ J27 = 4 + 127 = 131 = (1 00 00 11) 2 
.v Number is as shown in Fig. 1.1 1. 
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Fit L 1 I 

fig- MI Florae 70:3 necreseman :n :f I : : « r 
Finally mimter a > I ' 0 • C Z 1 I I 
In hex we ; ( 4 <S 004 ' * 

" - jS, 

1.8.1 De-Noma sed — Noma s&z 

. , — ne tie ^ 

*nile represencng 0 I) I 10 * l 5 mimcer ji rsiacng 3cu«. *t» *< mVSS £s 2. 

exponent oil yea iz t [ VL The ijumcer we zer L>rr TerfTraiing m- :cenn. • ' _ ^ - 

Nortcer* i ; biradn iown rc ;ur anurcnca. •v-.-^f?*- f :u *££ ^ tuncc 

I M * 2 ~ recr^encitf lt in f:rnai nmxrr Mrist . 

r . •*! - -j 

sarne is. ft is by dk&nfr t£ut »e sbcaid 'zrz l Te r :r: ^aearrai jaast icrrr. - - JC 

bise >B mcc accccm beca use it a Jenu-t. *z i:n* take 1 .me T~r * e — 

» Soever we perform arm operation. it •»•£ ee taan a: acccum 

From jfccve disctissicn y:»i most zz zc* r* m »•:- ae-ncm^ses mmier _ e -n. rrr. 

‘RA 1 *’’ ctnriw wiic~ icesn * fc ‘c* I ,M Sir-rot 

Range : 

Each rTcjvrg ~c ~x format 5 ngJe omc-sai*. :c:r. : " 'C g^er. Sss acnfcZn R ”tr r 2 i*mr ik 
wriun Certii- ranee Genenoed tnefacat Kcmsemancr s sac’sa r F i ' 11 


ii Ti_rr mer 






■^rce' 


OEnBWC** 


inter* rw ..roe^ rw 


“TSTX® 



Fig. 112 slices the mrr-bsn th* as be expressed *n* « w _ . 

* shaded parts, rashers « ad rqraaaafce r^pracn afefe c f nzzixn r * 

Fae regicns are ael iadaded a tie gzrr^ 

(1) NegJtrve mjrbcn. t£c« aR ®der aepi'.e 

(2) Negatrv^e asdbax those art snder ■qjatr-e cider'icw 
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Significant! (Mantis**) 

Value 

t 0 

NAN 

0 


- 

<-l) s 2 h 1:7 (1 M> 

# 0 

(-0*2 

0 

(-l) s « 


Double Precision (f»4 hit%) 


Significant! (Mantissa) j 

Value 

a 0 

NAN 

0 

(-!)*« 

— 

(- l) s 2* 1021 (I.M) 

#0 

(~ l)‘ s 2* ,o:: (D M) 

i0 

(-1 ) s 0 
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< I> 

n> 


id 


0 0 I 


1-34 


10 


f^nornuliAcd 


M - 

E • 
0 . 


1 ° * 2 ~ — + Normalised 


£’ - 127 


E * 127 .. E’ - 127 - (0 I I I I t * *>r 


s E* 

Marti *«_ 

1 1 Tp 1 II 1 1 1 l 

0 0 0 1 

1 SI bits 

21 bits 

brl 

Floating point number is (1 0 1 1 I I | II 0 « 

W Z 1 

3),* 



he* 


^ 5) io * (0 I)] ■ I 0*2-2' » Normalised 

A* number is *vc S - 0 
E - E - 127 

- I - P - 127 E* * 126 » (0 I I I III 0), 

M • 0 


S F 

I 1 r ”J 

|_0|0||| IM P loo oj 

Hn.'itiiv point Number i% ' I | ||| ) 000 0), 

-"Pfi (1 poo oooo »c he % 

(K)(IO), 0 

• (MM 0) ; » De -normalised 

I 0 10x2* ♦ Normalised 

S * o ♦ A* number is nt 

M *01 o 
E - fc - 127 

* * F*-I27 E* • 127 ♦ .1 • (IV)> W • (| 0 00 00 10*, 


M 0 


F 


nr 


I o o o o o | o 


Minimj • M 

o I n ii 


Ho.Hm*! pi' i ui nun^cr is (0 I 0 0 0 0 0 10 0 10 0 

» * l° S )„ 

* (3920), f - ( I I 0 0 0 I 0 0 OK > De-no muitsed 

Normalised nunihcr » I 1 0 0 0 1 0 0 0 x 2 * 

Here 5 bif * 0 — » because number is ne. 


LI 


OK and in hex 4 t 2 0 0 0 () o H 


M * I 0 0 0 0 00 

E * E* - 127 * (*) !0 F » (135)^ * (I 000 o 1 1 

S E 
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1-35 


Hooting po m t number in binary i* (0 | o o o 0 I 1 

* ' v 4 0 0 0 o H 

1.9 


1 1 0 0 0 1 0 0 0 


Nurr>b*< Sy»»*rrt 

0), and in hex 


c Ivh **' * e<,Cr * or w ' on * s arc represented by a special group of sy mbols, we say that they are 
'vith () Ul ^ ^ ^ ou P °f *ymbols is called a Code Whenever you want that white communicating 

• e v r r,Cn£ *’ should know what you arc communicating, you take help of Coded Ionic wage 

, ,n * c °dc words such that only your fnend can understand. nobod> else wilt understand it. 

C '“ d *‘ 1 "**“*' keep, your information Merer 

. * ' e, c - vo, t nuv avS th.il in di)tital where the 'codes' arc used The answer is we are studying digital 

cciromcs. keeping in mind that in future wc built microprocessor or computer Now-a-day* computers 

• re used for scientific and business applications, or I viy computers arc used everywhere Following art the 
Joints to use codes 

(1) lo allow computer to perform fast scientific calculations like add, subtract, division, 
multiplication, log. antilog etc . at high speed and with more precision, one should use less 
HARDWARE. Therefore, we should have the codes which gives you all mathematical calculations 
w ith less number of steps 

(2) In computers (digital system) we use form of binary numbers for their internal operation*, hut the 
external world is decimal in nature It means that conversion from biiurv to decimal and vice 
versa arc performed often Wc have seen that the conversions between decimal and binary tan 
become long and complicated for large number* For this reason, a means of encoding decimal 
numbers Chat combines some features of both, the deonul and huurv system is rctiumd 

(1) Computer also deals with Non numerical Information hkc alphabet punctuation marks and other 
special characters as well as numbers To allow comp.net lo handle all these non numerical 
information, wc have lo have codes The cod c. which represents non numerical information are 

Called alphanumeric Cades. 

« 4 ) Presently I was talking about computes User can have one ot more nun*>« ot computer ol 


computers If (he user have two or 


more number of computers, ho'shc will insist licit computers 


should C.mm**M* wilh each oil*. The media fo, ******** «“ * " irc *' w,rc ' M ‘ 
fiber optics The graphical prcscnuuon is shown in Fig I U 



Fit. l.» : Commnnkation between enmputen 
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/ \ 


-Siflital 




: un" 


k -»ntc d 


The problem i nv ~ — ~~ t hc un" unl 

s, K»al i. e ’Noise °u V ,i| d t,US ,S> whcn computers communicate with each oUl * r ^ BcC ause ot 
^tis, corrupted dnia ., C ? ,UC * n, ° P' c,urc and it may corrupt your data inidw* > . to he 

sonic means bv uh"!> C rccc,ved bv ,lvc receiver end of the computer Hicre ^ correct the 
Problem. Thcref ^ ° COm P u * cr can detect error and if possible after dcU<-t > rr rof dft* 1 *** 9 ^ 


Problem. Thcref com P u tcr can detect error and if possible after do ^ ^ er ror d^ rKmww r> 

aixi error cor* U ^* ,c P^orming communication between computers 1 " lin ,ng codes 
fordelel T ?' “**• Ml ' inl ' « use pantv tncthnd lb, cm. decent,: ** H “ n " 

'-•mg as well as correcting. 

' : U "' i " — - l»vc talked about computes Dtgi.»« - * 

machiu! f ? S P0S "'°" ' vi,h0 "' interfering with its motion This is mainly required > 

Z2T ,00lS ^ «*• "4 .<11 show von how digital method ts ttnplemen.ed .» — 

angular position. 


\ ■ 

t-*- 



4-channel 
light beam 


Fig. 1.14 : Optical measurement of an angular position of rotating shaft 

As shown we are going to use optical technique for the above problem. A special d l 

m coder, through which a beam of light can be passed, is attached to rotating shift tiJ ^ an 0ptical 

rom disk is sensed and processed by electronic circuits. If you observe figure c f ^ cmer 8»ng 

ie encoder disk has translucent and opaque regions in patterns that vaiv with if*** ^ you rind that 

y w itn ns position' 

Assamption : When the light beam to a particular sensor is blocked th» 

be logic 1. When light reaches to sensor, it will prDduce J"'** of ^ senso. wiU 

u ‘PUt logic ?em 
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Digital 


1-37 


* 


• Sensor produces a pattern of binary signals B, B, 

°i B o- 

The value of B, B, B, B 0 represents eurren. 

angular position of the disk. In short it provides 4 bit 
approximation of the angle. 

Pig. 1.15 shows optical encoder disk. The disk 
contain four concentric circle (tracks). Disk is divided in 

t °, * 6 J ?" 8 Y ,ar se f? m ents of equal size. (22.5°). We have 
en 16 division because 4 bit - B 3 B 2 B, B 0 provides 

16 binary states. If we want to increase accuracy, one can 
increase angular segments and can increase number of 
bits that will appear. If you observe figure, you will find 
that every segment lias a unique pattern of translucent (0) 
and opaque (1) areas assigned to its four tracks. A 4 bit 
binary number is obtained by reading four tracks via 
light sensor. Let's consider that T part is in front of 
light source. As all tracks of I are translucent you will 
get B 3 B 2 B, B 0 = (0 0 0 0) 2 . In segment T, outer track 
is dark, so you get B 3 B 2 B, B 0 = (0 0 0 1) 2 . The next 

'K', segment is 0 0 1 0. Thus a complete revolution 
gives B 3 B 2 B, B 0 = 0 0 0 0, 0 0 0 1, 0 0 1 0, 0 0 1 

continue. 



ig. 1.15 : Optical rotary encoders disk that 
uses ordinaiy binary code 


...1111. After that again same chain will 


Problem : When shaft rotates and the boundary region of two segments passes optical sensor, some or 
all of the 4 bits B 3 B 2 B, B 0 changes at slightly different times. The reasons arc as follows : 


(1) Due to shaft wobble. 

(2) Variations in response time of different light sensors. 

(3) Other physical imperfection. 


Note 


Two or more number of bits changing can cause problem, was specified, after Table 1, point 11. | 

This is elaborated here. 


Let's consider position A, which marks transition between segment L and M. Let’s consider presently 
segment L is there /. B 3 B 2 B, B 0 = (0 1 0 1) 2 . When A point rotates to sensor, actually B 3 B 2 B, B 0 

should change from (0 1 0 1) 2 to (0 1 1 0) 2 . 

But here if outer track perceived first, then B 3 B 2 B, B 0 will change from. 


(0 1 0 1) 2 


(0 1 1 0 ) 2 . 


—>(0 10 0) 2 

T 

Outer track perceived fust 

Thus (0100 ) 2 stale, which is unwanted is introduced in the sequence. If optica! sensor senses U, 

will produce error output. 
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(0 1 1 °) 2 ' 


B *^ x t track changes first, we have 

“> B J B , B 0 = (0 1 o 1), (oni), 

t 

xj . next track perceived first. m0 st dang 

Now it contains (0 1 l 1) 2 which is unwanted state. The 
changes from (1 l i i) 2 to (0 0 0 0) 2 . ' 


eroos * 


vvhe * 1 


03 


07 




“ v • . uuu, 2 . spurious 

Therefore we should have such code which will not provi 


states 


in 


be 


I ween 


tfe& 


Gr*. 


Codes are used most widely. _ f he codes The 


>tving 


chart 





We have covered five points to let you knovV the importance 
inform you about different types of codes. 

CODES 


Weighted Code 
(A) BCD Codes 

(1) 8421 

(2) 7421 

(3) 5421 

(4) 5211 

(5) 4221 

(6) 3321 

(7) 2421 

(8) 842? 

(9) 7421 


Non Weighted Code 


Alphanumeric Code 


(1) XS-3 

(2) Gray Code 


(1) ASCII 

(2) EBCDIC 

(3) Hollerith Code 


Err 

( 2 ) Parity 


Scanned by CamScanner 






Numb*' 




1 t* r T 1 *- 


1 40 


W ' 4 J | ^ •’fpwjscm (8) (0 then it Mill be rcpirscnicd loll'*" 1 * 


<*V> 

1 0 


» + 


4 t * $ 
0 I 


1 \ 


4 421 code. 

t *\ - 4 4 \ 0 + 2 y o ♦ | y j • 7 + 0 f 0 + \ m h 

^ SOI Code 
3 *>t* ■ 5 ♦ 2 + \ 


'' * 4 > , 

1 0 | | 
<*V. * (i o i i>^ ( 


5421 axle 


5 2 1 1 

110 1 


^ 52 1 1 Code 

t s ><o *5 + 2+1 

<»> 5.'ii (ii) 

I I 1 0+- bitvm 52 1 1 code — ► 

l^V.i * (l l | 0) v . u * (| |o l\ :n (both are valid). 

But norma Ih am code should ha\c unique binary string for the value. Here "C lu\e two b 
* *- v4 • ' owtiY. this point I ant going to elaborate within no time 

«d 4 : : i 

(*>,« *4 + 2+2 
. 4 2 2 1 


1110 ♦ 4221 code. 

(*>,<,»(! I I 0 ) 4;;| 

(C) 3 3 2 1 

<*>,o « * ♦ 3 ♦ * *“ * 

.*. 3 3 2 1 

1110 > 3321 code 

( 8 ),*»(l 1 1 0 )„ 2I 

(f) 2 4 2 I 

<$),„ = 2 * 4 + 2 = 8 

.*.2 4 2 1 

1110 » 2421 code. 

(8)jo “(111 0) 242 , 

eg) * 4 5 r ,*» 4 

( 8 )io = 8 

.*. 8 4 2 1 

1 0 0 0 > 842icodc. 

(*),<,»(! 0 0 0)8421 
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m: t 

p’ 

V 

5 4 : t 

+ 

5 2 11 

1 

4 2 2 1 

rr — T- -J 

3 .4 2 1 

2 4 2 1 

X 

*» 

^ 1 

— 1 

7 4 2 1 


v V V ^ 

4 0 o 

0 0 0 v' 

w 

0 0 0 0 

0 V' 0 v' 

0 v> 0 0 

•=»- - -- - 

0 0 0 0 

l' 0 0 0 

' 

0 0 0 0 

0 0 0 0 

1 :> 

*\ * K | 

^ \ 1 

0 0 0 t 

0 0 0 l 

0 0 0 l 

0 0 0 t 

0 0 0 l 

0 0 0 1 

0 M 1 

0 111 

> 

m 

.> . v 1 0 

0 0 1 0 

0 0 t 0 

0 0 11 

0 0 t 0 

0 0 t 0 

0 0 1 0 

otto 

0 110 

> 

,vn 

0 0 11 

0 0 t t 

0 10 1 

0 0 1 t 

0 0 11 

('Oil 

0 10 1 

0 10 1 

* 4 

o t o o 

0 l 0 0 

v' t 0 0 

0 1 t 1 

l 0 0 0 

1 0 t 0 t 

0 1 0 0 

0 l 0 0 

0 1 0 0 

< 

n. 

^ t o t 

0 10 1 

t 0 1' 0 

t 0 0 0 

0 l l 1 

t 0 l 0 

ton 

toil 

10 10 


$ t t o 

otto 

tool 

10 l 0 

t too 

1 too 

t too 

10 10 

tool 

*% 

.Mil 

t 0 0 v' 

10 10 

l too 

1101 

110 1 

1 1 0 l 

toot 

1 0 0 0 

$ 

1 0 0 0 

toot 

toil 

mo 

t l 1 0 

1 l l 0 

1 1 l 0 

1 0 0 0 

1 l 1 1 


1 0 0 t 

l 0 t 0 

1100 

tin 

1 ini 

Mil 

IMI 

Mill 

1110 
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Representing Number greater than 9 in BCD codes : 

Uptill now wc have seen representation of 0 to 9 decimal in 2421. 5 
decimal number greater than 9 ? how to represent it ? Let's take an example 


a § 

o O > 

3 si 

& 52. 

0 3* 

9 

si 

1 S tf 

e jf Z 

o =r n 

Q. 

< O * 
sr c kj 

2. 3 rj 

n ~ ~~ 
O £ M 
a i “ 
o o 

— "I Cft 

* o' £ 
8.-3 

? 3 * 

s?s 

_ O 21 


< 9Q 

° 5 

o ° 
&> o 

3 a 

£. o 
8 o’ 
j: Z 
□. — 
o 

o 



8 3 
-v 30 

9 8 


f H 

c 


H " 

9 ^ 
K 


cccjcccc 


'S o 
o o 

c 3 


3? J2 t 

1 S of? 

; CCffjr 8 3 

7? Z ? o 

2 - - S' ? 5 3 

la 3. 0® 3 3 

P NJ — — . </» 30 

5L — ^ D - 

■ “ — £ O ^ O S' 

s 8 ? c 3 3 ° 

> 8. =■ * a ■o ? 

^ ° 3 S. « q 5? 

8 I - < I 8 3 


DC -4 ^ Vi t** >*j K> — C 2, O 3- 

3 8- s 

1 £ 5! S- 

>.. ♦ ■ —4 c* s 

r | 

M £ O 

© c o o o 4. a g* 


w 3* i 

- U o 

£, .CT ft 
o O 


§." « « 

© 08 O O 

a o c_ ^ 

a.^Sa 

1 &« 

?? O ~ 

•4 (a o 

3 r»® 

5* 2 

A 2o 

•X. 

1\ 3C o, 

3 0 8* 

ex r § 

M o 3 

— o 

r sa 

3 as 3 

=y 


« 3 
< 9Q 


2 H _ 

y ® 2 

-i -» x 

c-a r 

^ ^ 3* 

" " n 
n g sr 
o o 


3. — O* 

?T 2 5 

1 * s 

a 2 * 

vj 

®i I 

3 3® 


i «U #11 

o. =. • 3 — r» * 


S 95 5 1, *4« o 

r> - o ar % a ^ 

< 5 » S- O 3 i. 

gO^O C y 

— O v< ^ 3 5 o 

■— r\ < 


- < 8. 
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Decimal 

XS-J Code 

2* 2 J 2* 2° 


0 






0 

0 

1 

1 

0 + 3 = 3 

1 






0 

1 

0 

0 

1+3 = 4 

£ 






0 

1 

0 

1 

2 + 3 = 5 

3 






0 

1 

1 

0 

3 + 3 = 6 

4 






0 

1 

1 

1 

4 + 3 = 7 

S 






1 

0 

0 

0 

5 + 3 = 8 

6 






1 

0 

0 

1 

6 + 3 = 9 

7 






1 

0 

1 

0 

7 + 3 = 10 

8 






1 

0 

1 

1 

8 + 3=11 

g 






1 

1 

0 

0 

9 + 3 = 12 

10^ — * 

xJL 

1 

0 

0 


o’ 

0 

1 

1 

(1 + 3)(0 + 3) = 4/3 

QL 

1 

0 

3 


0 

1 

0 

0 

(1 + 3)(l + 3) = 4/4 

1© 

0 

1 

0 

0_ 

J() 

1 

0 

ID 

(1 +3X2 + 3) -4/5 

13 

• 

0 

1 

6 

% 

0 


0 

1 

• 

1 

0 

(1 + 3)(3 + 3) = 4/6 

• 

• 

• 

19 

0 

1 

• 

• 

0 

0 


1 

• 

• 

1 

0 

0 

• 

• 

(1 + 3)(9 + 3) = 4/12 

20 

0 

1 

0 

1 


0 

0 

1 

1 

(2 + 3)(0 + 3) = 5/3 

21 

• 

0 

1 

0 

• 

1 


0 

1 

• 

0 

0 

• 

« 

• 

29 

0 

1 

• 

• 

0 

1 


1 

* 

• 

1 

0 

0 

• 

• 

• 
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-Biajtai 


stems. 


sen's 


9's 


>U) in XS-3. :: 1-44 ■ 

Change 0 to , ( l,) 

l 0 0 0 in ^S-.^s ”* ef w ^ et o 0 o 0) from (0 111). 

9s Co »1plcin c „, of 4 ^ ~^m CrTab,C 8) 

XS-1 is . ( )l0 - < 4 ), 0 “ <*),„ number rep**** 

Co, npIemcni of decimal n°" 1 , ^® me,Uin K code. because complement of XS 

1112 ^ ^ oc * e : ^ IA sk ED ,n E XAM- DE c 9 e,MAV^ 

Th r " problem “» ldcr 

section 1.9. j n .u 801,18 lo cx P Iai » you with reference lo point (5) < c - p ositt° n ot S '^ hc 

We also concluded lavc cx P ,aiacd you about problem Involved in measuring ' ’ umv:i „tcd) s‘ ale 
answer to thi i 1a * " c rcc l u ' rc one code in which we don't get Spurtou* 

s pro cm is gray code. Let's see what is so special about gray. tFRMS OF ONE 

SIN Cl rrr dC CVery NEW CODE DIFFERS FROM THE PREVIOUS W ^ Qr , n0 rc bits 

chanppe ■! s * ,ort at a bine only one bit changes. We saw in binary s > stc J ^it fi rsl see 

T l , 8 a \ a tnnc aad il creates problem. To understand advantage of change in on > 

C ^ which lists out gray cod e for equivalent b inary. 


Decimal 

Binary 

Cray 

0 

() 0 0 0 

0 0 0 0 

1 

0 0 0 1 

0 0 0 1 

2 

0 0 1 0 

0 0 1 I 

3 

0 0 11 

.00 1 o 

4 

0 1 0 0 

0 110 

5 

0 10 1 

0 111 

6 

0 110 

0 10 1 

7 

0 111 

0 1 0 o 

8 

I 0 0 0 

1 10 0 

9 

10 0 1 

110 1 

10 

1 0 1 0 

1111 

11 

10 11 

1110 

12 

1 100 

10 10 

13 

1 1 0 I 

1 0 1 1 

14 

1110 

10 0 1 

15 

1 1 1 1 

1 0 0 0 


Let's take 4 and 5, 

(4) l0 > gray code is 

(5) jo > gray code is 

If you observe G 3 G 2 G, for 4 and 5 are same , only G (J changes. 
Same wav for 7 and 8, 


G 3 g 2 
0 1 
0 I 


Table 9 
G, G 0 . 

1 0 
1 1 
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( 7 ) G 3 

fur * gray code o , 

(8) | ° * gray code i , 

o. G„ G 2 arc same only G, changes. 

■t onlbulutlTl ! W ° COnscc > ucm n «'nbcrs. 


Number System 


G 3 G 2 G i G o* 


a, a 7 m ; — " UmbCre - k °“ «* «>» white switching even te « „ u ^ r 

^Sn,cmsorcqMrS7^ S sr m l S ,7'r, C U5C r0la ' y ° p,ical disk Disk divided into 16 angular 
10 >t> four tracks. The pattern isthZ <°> and opaque (1) areas assigned 

gray codca uft's mw'g'g^o 3 f“ te which r™ v ito 

i(> ^ U3G 2°i G o = (5) 10 = 0111 (gray) 

h ; WC arc P rcsc "tly at segment L. The point A is 

. shouldgc 1 ; G d G M G W G n A r ,m r ,CS 10 «"• « 

gel G 3 G 2 G, G 0 = (6) 10 = 01 01 (gray). As we 
3re using gray , even though shaft wobble or physical 
imperfection is there, we will get correct code. 

Let s take a case that outer track perceived first 
•'* In,t,aI condition is (5) |0 = 0111 (G 3 G 2 G, G^ and as 

outer track perceived first we will get next code as 01 1 1 
(G 3 G 2 G, G 0 ) only because, outer track is opaque for 
(6), 0 and G 3 G 2 G, are unchanged , the code remains 

same. Same way if next track perceived first we will get 
G 3 G 2 G, G 0 = 0101 = (6), 0 and this is correct code. So 
if we observe, when G 3 G 2 G, G 0 code changes it is 

delayed slightly by imperfection, but this imperfection 
will not give us unwanted code. 

Gray codes are also most widely used in K-map. 


v. 








Fig. 1.16 : A rotary optical encoder 
disk that uses, gray code 


Hire codes. These codes are called alphanumeric co^. 

Two most popular alphanumeric codes normally used a* : 

(i) American standard code for InfonnaUon lnterctengeCASCny 

(ii) Extended Binaty Coded Decimal Interchange Code (EBCDIC). 


2 1 ASCII Code (Pronounced as - key ) . 
W ,r II a M 


is illustrated in Table 10. 
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C R - Carriage return 

v u' vlnTwIediV 
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0*a*§l_ 


1-47 


Number System 


for ‘A* ^ CO< * C * S rC * MCSCnlc< * **> b T b « b s b 4 b 4 b ; b, Take one example if we want lo find ASCII 


•A’ 


b 7 b„ b< 

.1 0 0 


b 4 

0 


b s 

0 


0 




from column from Row 

*’* A ' * ASCII (10 0 0 0 0 1) : OR (41), 6 hex 
Same w ay ASCII for LF (fine feed) 


LF 


b? b 6 b, 

.0 0 0 


b 4 b, b, 
,1 0 I 


C i 


from column from Row 

*’* L F * ASCII (000 1 0 1 0) : OR (OA) lt> hex. 

1-12.2 EBCDIC (Pronounced ebb — See — dick ) : 

This character code was developed by IBM. which stands for Extended Binary Coded Decimal 
Interchange Code. EBCDIC employs all 8 bits of a byte, and so encoded a 256 character set. which is 
broadly similar to ASCII. Table 1 1 illustrates 8 bit EBCDIC code 

Extended Binary Coded Decimal Interchange Code (EBCDIC) 

Most Significant Digit (Hex) 
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STX 

DC2 

i 

y 

\ 

n 

3 (3) 

3(3) 

«r (?) 



ETX 

DC3 


* 

3F 

r, 

3 (5) 




EOT 

DC4 

>4# 

30 

* 


T 

n 

€T 


1 

ENQ 

NAK 

5 


35(3>) 

c («s) 

I (*) 

m 


m 

ACK 

SYN 





5 (5) 

L 



BEL 

ETB 

» 


35(35) 

? 

(3) 

«» 



BS 

CAN 

( 

C 

W(35) 

> 

TJ 




HT 

EM 

) 

\ 

* 


r* 




LF 

SUB 

T 

• 

7^ 






VT 

ESC 

3? 

t 

75 


r 




FF 

FS 

f 


3 

> 


r 

✓ 


HI 

CR 

GS 

- 

3 

T 

S (s) 1 


SF 


HI 

SO 

RS 

• 

' J5(5£) 

T 

I (3) 

3 (?) 




SI 

US 

/ 

9 

» 


*W 

(*) 

DEL 
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b 



1-49 


NULL 

~ 

Null 

PE 

- 

Punch off 

ht 

- 

Horizontal tab 

LC 

- 

Lower case 

DEL 

- 

Delete 

RES 

- 

Restore 

NL 

- 

New line 

BS 

~ 

Backspace 

IL 

- 

Idle 

BYP 

- 

Bypass 

LF 

- 

Line feed 

EOB 

- 

End of block 

PRE 

- 

Prefix 

SM 

- 

Set mode 

PN 

- 

Punch on 

RS 

- 

Reader stop 

UC 

- 

Uppercase 

EOT 

- 

End of transmission 

SP 

- 

Space. 


1.12.4 Hollerith Code : 


Number System 




* 


Presently for storing the data / Information we use floppy, hard disk etc., for permanent storage. But 
before these devices, for storing the data Punch Curd was used. 


Cciurrns 


ABCDEFGHIJKLMNOPQRESTUVWXYZ 0123456783 )('*>> --f = <' 

■11111111 J 9 951 9 

■■iiiiiii 1,1 11 1 * 

000 0 000000000000000|lliilll00i0000000000000i0000|0000|0000000l»1000,000»0000^ 

„|111 1 Mil It 1 « 1 «1 * 1 1 » 11 « « ' 1 1 1 1 ” ”„ 2222222222|222 |2 2 22|22222222222222a22222 1 , 

222|22222222|2222222|22222222 ' ....3333333333333333333333333333333333 1 , 

j 3333|33333333|3333333|33333333333| 44444444444444444444444444444444 | 6 

44444 | 44444444 | 4444444 | 44444444444 | 4444444^^^^^^^^ ss55555ss5555555555 

555555|55555555I5555555|555S555 I , 66666l6 |6666l6666666666666666666 

bsss=Sssas=: 

— ■ 


Fig. 1.17 : Punch card 
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iifl'ir 


liucmjuk'rul American 



Tjhle 13 



A 

- 

0 

• 

• 

0 

0 

0 

• 

P 0 

0 

• 

• 

0 

0 

• 

• 

B 

? 

0 

• 

o 

0 

• 

• 

• 

0 1 

0 

• 

• 

• 

0 

• 

• 

C 

; 

0 

0 

• 

• 

• 

0 

• 

R 4 

0 

0 

• 

0 

• 

0 

• 

D 

WHO ARE YOU 

0 

• 

0 

0 

• 

0 

• 

s 

0 

• 

0 

• 

0 

0 

• 

E 

3 

0 

• 

0 

0 

0 

0 

• 

T S 

0 

0 

0 

0 

0 

• 

• 

F 

% 

0 

• 

0 

• 

• 

0 

• 

U 7 

0 

• 

• 

• 

0 

0 

• 

G 

& 

0 

0 

• 

0 

• 

• 

• 

V 

0 

0 

• 

• 

• 

• 

9 

H 

£ 

0 

0 

0 

• 

0 

• 

• 

W 2 

0 

• 

• 

0 

o 

• 

! 

• 

1 

B 

0 

0 

• 

• 

0 

0 

• 

X / 

0 

• 

0 

• 

• 

• 

• ; 

J 

BELL 

0 

• 

• 

0 

• 

0 

• 

Y 6 

0 

• 

0 

• 

0 

• 

• 1 

K 

( 

0 

• 

• 

• 

• 

0 

• 

z ♦ 

0 

• 

0 

o 

0 

• 

• 

L 

) 

0 

0 

• 

0 

0 

• 

• 

CARRIAGE RETURN 

0 

0 

0 

0 

• 

0 

• 

M 

• 

0 

0 

0 

• 

• 

• 

• 

FIGURES 

0 

• 

• 

0 

• 

• 

• 

N 

i 

0 

0 

0 

• 

• 

0 

• 

LETTERS 

0 

• 

• 

• 

• 

• 

• 

0 

9 

0 

0 

0 

0 

• 

• 

• 

LINE FEED 

0 

0 

• 

0 

0 

0 

• i 


SPACE 0 O 0 • O O • 

O START POLARITY (SPACING) 

• STOP POLARITY (MARKING) 

Table 14 : baudot code table 
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^ ^ ^ — * ~~ \yC 

Thus "c have lo°tal b 60nn nS ,VV ° codc gone for FS and LS. Re " ia ‘7o represent 26 . a ^ffu 
S0,Uc special chanem ™ * 2) com binations, which arc sufficient . f p i e ments 
and LS 02 Thc Tab| c 14 straws .lie KauJ,,< Cod*, wl"* ,mP 


- ' ' divert ’ d ° to dig* 


>14 "“’"'Si 

“’.i! of FS 


~ -’pv-V.ltll C Vir'l/>*^ rr,, ' - V "‘WIII«UUU3, >V1UV*U 

a,1 <J LS (32 bit codc) Lr ^ 1C ^ shows thc Baudot 




ssmi 

is most 


cation 


— iH®LDetec«ng and Correcting Codej_ — — w 97, 

In digital system, the movement of binary data and codes fro 
o ni mo n operation performed. Examples are as follows : 

(1) Communication between Computers. (Received- ** 

(2) Storage and retrieval of data from floppy, hard disk and tape. anothc r device ^ the ideal 
We normally pass data Information frem one device (transmitter ^ transmitte j nlcr fcrence. 

expect that receiver should receive identical Information that was trans ^ a jjy gfyll ° r i tc ^ or 0 to 
situation doesn't occur because of electrical noise, in thc environment, c foangc f r0,n ^ oro blenv 
Thc noise is unwanted signal which, gets mixed up with the data an ' ‘ - ^ jg shows the 


uu,ui uceause or eiecincai noise, m u,v- 

The noise is unwanted signal which, gets mixed up with the data 
1 Thc change in single bit can change thc meaning of Information 


/ data. Fig 




Noise (Interference) 


Fig. 1.18 : Transmission data corrupted by noise 

As shown in Fig. 1.18, at transmitting end data is relatively noise free. ^\u\c Change the 

(wire) certain degree of noise gets superimposed. Thc amplitude of noise is larg b 
binary bits , or the data bits will be wrongly interpreted by receiver end. . 

In modem digital equipment you will find that communication is relatively error free. But U data is 

corrupted we should have some means to Detect it. Simplest and most widely used scheme for error 
detection is parity. 

1.13.1 Parity Bit: *■» [ASKED IN EXAM - DEC. 98 111 ] 

A pari I v bit is an extra bit that is attached to a codc group that is being transferred from one location 
lo another. The parity bit can be either 0 or 1 depending upon number of i's contained in code group. We 
have two types of parity. 

(i) Even. 

(ii) Odd. 

Even Parity : In this case value of extra parity bit is chosen so that group of hits 
umber of I's (Including parity bi.Ms called even parity. For example suppose data is 1 tU n ^ T!' 
„s stream no of ones arc odd. /. Final data with parity will give us 0 0 0 ( * 1 1 0. It 
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Digita l 


1-53 


Num ber Syste m 


I 0 0 « 
Data 


o 1 I o. I 
-J t 


Parity 


j Data with parity (Total even number of I’s) 

But if data is 1 0 0 0 0 1 0 0 i.c already it hits even number of l's. then we have 

1 Data with parity (Total even number of l’s) 


i» 0 0 0 0 1 o o, o 

— J T 


Data 


Parity 


Odd Parity : In this case value of extra parity bit is chosen so that group of bits produces odd number 
J s (Including parity bit), is called odd parity. We will hike same example 

10 0 0 0| lo > has odd number l's. 

0 1 1 (\ 0 ) 

• t (Total odd number of l's. 

Data — * Parity) 


Finally we have t l 0 0 o 


For I 0 0 0 () 1 () 0 


Finally jl_(M) <>_ 


» even number of l's. 

^Total odd number of l's. 


0 11 0. 1 

u t 


Data Parity J 

Both the parity' scheme arc commonly used, there is no any strong argument in la\om of either t\ pc 


When this method is used, transmitter and receiver both the station should be tuned to same p.uo . i e 
either even or odd. The disadvantage of the system is if 2 or more number ot bits arc in error 

fails. 


Ex. 51 : Attach even parity bit to following ASCII codes 
(1) ’H’ 10 0 1 0 () 0 


(2) 'L' 1 0 0 

(3) ’O' 1 0 0 

(4) 'A' 1 0 0 

( 5 ) 

Soln. : 


•a' 


1 1 0 


1 10 0 
ini 
o o o i 
o o o i 


ASCII 

'H' 

'L' 

'O' 


’A' 


•a' 


Parity bit 
0 
1 
1 

0 
.1 


Code 

1 0 0 1 0 0 0 


1 0 0 
l 0 0 
1 0 0 
1 10 


110 0 
1 1 11 
0 0 0 1 


0 0 0 1 , 


To set even partly 


, 2 Double MW- daw, „ - 
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,s HZ#- 


1-54 


horizontally 
calculated 
parity bit 



F5 


Vci 


•rncalK 


;llco l»tcdP» n 


«yf # 


Here Information is passed in blocks. 

1.13.3 Checksum : 

This method is most widely used in computer s>stem Checksum 
to generate sum. The final sum generated is called checksum. 

A, > data byte/ word 

+ A ; 

+ A , (Total 'n' number of data bytes / words) 


means suc«s«' c 


wo 


rd> •'* 


added 


+ A n 

Checksum 

For example take A, and A, b\tcs 
A, 0 1 00 1 0 0 0 

+ A, 0 0 1 1 1 1 «0 

’hecksum I 0 0 0 0 1 11 0 cr cn d On the Keener side after 

After transmitting block of data, checksum ts nm"* “^ksun. should exactly match "tth 
reiving the data, it will add up and find out checksum, this checksu 

ecksum transmitted by transmitter. 


1 

Dcci nul 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


8 6 4 2 1 

6 3 2 1 0 

Shift Counter 

SUM 

0 0 0 0 0 

0 0 11 o 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 1 

0 0 0 0 1 

0 0 0 0 1 

0 0 0 1 0 

0 0 10 1 

0 0 0 1 l 

0 0 0 1 1 

0 0 0 1 1 

0 1001 

0 0 111 

0 0 111 

0 0 10 0 

0 10 10 

0 1111 

0 1111 

0 0 10 1 

0 l 1 00 

11111 

1 0000 

0 1 0 0 o 

1 0 0 0 1 

111 10 

1 1000 

0 l 00 1 

10 0 10 

1 l 100 

moo 

1 0 0 0 0 

l 0 1 0 0 

110 0 0 

11110 

1 0 0 0 1 

1 10 0 0 

1 0 0 0 0 

11111 


Table IS 
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1-55 


Number Syste ms 


10 u * h codc - allowing reliable error dctecUon^ 1 dC ^" nal valuc e( l ual 10 /cr «- There arc exacUy two, l’s 

us , . Shi,t C ° Unter : Th 's code is also called / 1 ^ '* ^ St ° ring digital dala on ma S»ctic drum 

° SCd ' n <***>«* counter. " S ° ^ “ J ° hasoa ^dc. This code is non weighted code. Normally 


shift counter. Th * S C ° dC -“ WCfgl,lcd codc ‘ 


and self complementing. The codc is approximately similar to 

1 - 13.5 code with More than 5 Bjts Qr £quai (o s 


^Tli c| ^ * 

Cf,lWl ‘^-hhsjxtvn^t sec the Table for this codes' ^ bl-C|Ulnaiy ’ 2 out of 5 arc having more than or 


Decimal 


0 

1 

2 

3 

4 

5 

6 
7 

'8 

9 


Ring Counter 
Code 
9876543210 
0 0 0 0 0 0 0 0 0 1 
O 'o 0 0 0 0 0 0 10 
o 0 0 0 0 0 0 1 0 o 
o o 0 0 0 0 1 0 0 0 
0 0 0 0 0 10 0 0 0 
0 0 0 0 1 0 0 0 0 0 
0 0 0 l 0 0 0 0 0 0 

0 0 1 0 o 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 


543210 


0 0 0 0 0 
0 0 0 0 1 () 
0 0 0 1 () () 

0 0 1 0 o 0 
0 10 0 0 0 

1 0 0 0 0 1 
100010 
10 0 1 0 0 
1 0 1 0 0 () 
1 10 0 0 0 


50 - 4 3 2 1 0 


01 -0 0 0 () 1 
01 -0 0 0 1 0 
01-00 1 00 
01 -0 1 0 0 0 
01 - 1 0 0 0 0 
10 - 0 0 0 0 1 
10 -0 0 0 1 0 
10-0 0 100 
10-0 1 0 0 0 
10 - 1 0 0 0 0 


4 out of 5 code 
7 4 2 1 0 


1 10 0 0 
0 0 0 1 1 
0 0 10 1 
0 0 11 0 
0 1 0 0 1 
0 10 10 
0 1 1 0 0 
1 0 0 0 1 
10 0 1 0 
10 10 0 


•' ■ ; ; 




* '-'■'-SA 


Table 16 

9876543210 Code : This codc is sometimes called ring counter codc. This uses only single 1 in each 
group. This makes it easy to decode and detect error The codc has disadvantage that it requires more 
electronic circuitiy than simple 4 and 5 bit codc. 

50 - 43210 : It is called bi-quinary cede, occasionally used in electronic counter circuit. Each codc 
contain group of 2 bits and group of 5 bits. The group of 2 bits Indicates, whether ihc number is more or 
Jess than 5. The group of 5 denotes count. Reliable error detection is possible because a single 1 in group 
of 2 bits and in 5 bits. 

543210 : Same as biquinary codc except 6 bits are used. 

2 oul of 5 : Tltis code uses 5 bit and each codc contain two Is. 


1.13.6 Error Correcting Codes : 


[ASKED IN EXAM - DEC. 96, MAY 96, 97, DEC. 97 m } 

An efficient method would be not only to detect the codc but also to correct it. The most popular error 
correcting codc is the Hamming Code. It was discovered by R. W. Hamming in 1950. 

The basic of hamming code is, it uses Parity bit, set for even parity over a selected bits. The parity 
bits are placed at bit positions which are powers of 2 i.c. 2°, 2\ 2 : , ... 2". The 7 bit hamming codc format 

•s given as follows : 
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A 


* 

\ 


-PigiJa! 


S <5® 


*-*5 


jk r* w 




D - D p . r>, r V 

p»p D lUhl1 ' » D, - M\p p -■ l ca T'-’ :) * 6 ** - 

This i i b,tS * P *‘ P i- P . ,oUl * b,<i *’* 

n 3 total nir" V '? Ld r 4> h " nnm ' n # code NjmulK tunmmg code ■' rc ? ! ' 
m „ " , ° f b,,s ^ » Total number of ±*U him 

~ * - Number of p arm bits 
" °' u case n k = 4 m = n - k « - - 4 - 1 

Conditions for pants hit : „ n Jrt d D- *** 

,;rP P V 


IA * 


t*r« 


i . rhis bit should be such that it establishes oen pann 

D . t • _ _ 


OS , 


p, — » i v s - 


,b > p : fur . This bit should be such Uut it esL*hshcs even panr» eset 
P; ♦ 2 T. 6. 


P- P 


D P 


: * • "• 7 p p. 

(c) P 4 hit : This bit should be n it establishes exirn pants e'er P 4 > D - 

c> ... 


vis 


— > 4 . 5 . 6 . 7 


_ c - brt hamnnne 0°* 

Tet s sec example to understand the th:ng more clcarh S «x for example l^ 1 * 

tflVCn fbln hlk I II I I n n rx rx ~r-» k . rv n .. I CQ 


* bit hamming format 


D 

D 

D. 

P. 

P, 

P ; 





XT 

- 

B 

B; 

B 

P, 

B 

P- 


>r 


■» 


xr 

i 

0 

1 

P 4 

1 

P. 


P, 

P, 

P 


For P j bit 

P, D, D< D 
- I II 
For P bit 


P, D D D 

-* I 0 | 

For P 4 bn 


As D : = D„ = D. = I forms odd pants P, ^ 1 to nuke »t exen 

As D., D... D, already gives us even panry . we set P. = 0 


P. D, D, D ? 

-10 1 A s D,. D 0 . D ? alread\ forms exen pants ue set P 4 - 0. 

/. Finally we hav c 7 bit hanun ing code. 

I D T D, D P~ D~ pT ' pT 

Ans. : I 1 0 ] 0 1 0 1 


We sau how to generate hamming code Now we will sec how hamming code defects error ier 
example for the same * ^ so * v 

Let’s say on receiver end we received data bits 101 101 1 Which ts hamming ^ c,^ 
and correct it. 0111 *** CTT1 

Hamming Code Format D 7 D f D 5 P 4 D, P, p, 

10 110 11 
(I) 1,3.5, 7 should have even parity . 
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O*omal Lot! hand 

Right ha^d 

d*g«l 

crxJ* 

CO<l€ 

0 

0001101 

1110010 

1 

0011001 

1 1001 10 

2 

0010011 

1101100 

3 

omioi 

1000010 

4 

010001 1 

0011100 

5 

onoooi 

000* 1 10 

6 

0101111 

1010000 

7 

0111011 

1000100 

H 

0110111 

1001000 
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0 

0 0 


0 

0 

0 

0 

0 

0 


0 

0 

1 

1 

I 

l 


1 0 
1 0 
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■••15.2 Binary to BCD*"* ~ 11:52 Number System 



1.15.3 BCD to Binary : 
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by adding three to original number. — 

Decimal 

BCD 


0 

000 0 

00 11 

1 

0 0 0 1 

0 1 o 0 

2 

0 0 1 o 

0 1 o 1 


0 0 1 1 

Olio 

4 

0 1 0 0 

0 1 1 1 

5 

0 10 1 

1 0 0 0 

6 

Olio 

10 0 1 

7 

Dili 

10 10 

8 

1 00 0 

1 0 1 1 

9 

1 0 0 1 _ 

1 1 0 o _ 


Table 21 


;D code. 

o BCD : 

► to XS-'l table Tbc sam ‘ ; :rM 


Decimal 

>' J-\ 

B C o 

0 

.i 0 1 1 

0 0 0 o 

1 

0 l 0 0 

0 0 o i 

2 

0 1 0 1 

0 0 1 o 

1 

Olio 

00 1 1 

4 

01 1 1 

0 I 0 0 

5 

1 0 0 0 

0 1 0 1 

6 

loot 

0 1 10 

7 

10 10 

0 1 1 1 

8 

loll 

I 0 00 

9 

1 100 

100 1 


Table 22 


{ arc as follows : 
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The EX-OR Rmetion is shown by symbot Ht>\ 
, c- Y - a 0> B 
i i | i 
Output 1“ bit i 2 nd bit 
EX-OR 


Numboi 




Input* 

Output 

Y 

A 

t) 

0 

0 

0 

0 

1 

l 

1 

0 

l 

1 

l 

0 


Table 23 


First we will see EX-OR method to convert given binary number to equivalent gray . 
(a) By EX-ORing Method : 

Consider decimal 6 The equivalent binary is (0110),. 

( 6), 0 = ( 01 10 ) 2 . 


Binary 

(Take MSB first) > 

(Result) Gray > 


B, 

MSB 
•> 0^ 


B, 


1 

0 

°3 

(MSB) 


‘© 


B, 


'© 


© 




Bo 
LSI) 
0 


“1. 

G-, 


.0 

G t 


*.1 

G 0 

(LSB) 


MSB of binary- and take next immediate bit i.e. 1. (MSB) ® (next 

Table 23) = G,. t m 1 = 0 = G and finally 1 © 0 = t -I (LSB) = G 0 . 

Same way you take on next bits, i.e.l®! « U.anoi y 

. (0110) binary is equal to (0101) gray. 

» you should know 'niles' of binaty addition. At this s„ B e 1 an, 8 o,n R to B We 


Here we will take addition 


Inputs 


B 0 

0 

0 

0 

1 

1 

0 

1 

1 


nits 

Car 
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I 1 

(MX) 1 

000 1 

| 2 

H 

0010 

0011 

3 

(Mill 

0010 

4 

0100 

0110 

! 5 

0101 

0111 

6 

0110 

0101 

1 7 

0111 

0100 

8 

1000 

IKK) 

9 

1001 

1101 

10 

1010 

ini 

11 

1011 

1110 

12 

1 100 

1010 

13 i 

1101 

1011 

14 

1110 

1001 

15 

mi 

1000 
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Dig i t al 

542 1 ~ gray code same way you have 7421 - gray. 5211- gray. XS-3 gray etc lire mctliod for conversion 
is same what we lurve studied |ust now i.c EX OR / addition method. Following is Table which will 

<-U 


s 


2 4 2 1 

2 4 2 1 - gray 1 

0 0 0 0 

0 0 0 0 1 

0 0 0 1 

0 0 0 1 1 

0 0 1 0 

0011 1 

0 0 1 1 

0 0 10 1 

0 1 0 0 

otto 1 

toil 

1 \ t 0 

1 too 

10 10 1 

110 1 

toil 1 

lilt) 

tool 

1 

4 Mil 

[_ 1000 | 


1 

1 





Table 26 


1.15.7 Gray to Binary : 

A gray number can be converted to binary step by step as follo ws 

Oa I . UCU Utl ie L'ont ilQ it is 


Step I 
Step II 
Step III 
Step IV 


MSB bit is kept as it is. 

This bit is EX-ORed (added) with next bit from gray code 
The resulting bit itt step II is EX-ORed with next bit from gray code 

Step III is repeated till you reach l -SB 


Step IV : Step III is repeated till you reach l -SB 

r r h R B and G Gy G. G„ Let’s say given gray code is G- G- Ci 

We will talk in terms ol B, B 2 B, d 0 ana u 2 , n 

(Refer Table for EX OR Table 21). 

(a) B , (binary MSB) = G, (MSB as it is) 

(b ) B , bit should be EX-ORed with next of gray, means B, © G 2 , this w» gtv 2 

82 ~ 8 ' 0 ° 2 .. • B is EX-ORed with next bit from gray i.c. G v » c B, © G 

(c) Resulting bit m step II is B r is tx ukcu 

resulting bit is B,, B 2 © G, = B,. 

(a) step HI Continued 

N „„ — *— «** ' “ “r ; 

MSB 

G, Gr - G ' 


Gray Code 


Binary Code 


B 


S' 


ft 

BC 




.G 0 


1 X 




*b: 


y 

">b 0 

(LSB) 

(MSB) o\{)\ grav to equivalent binary 

Lei's take one example to understand the same co 

ned by CamScanner 


Du - Ca n P * rfor m by Addition me t hod For ac 


to binary is shown in Tabic 27 



_ Cray 


Binary 

G* 

I—— — 


Pi 

G.' 

■l 

B i 

B l_ 

B, 

0 

0 

0 

0 ; 

0 

o 

0 

0 

0 

1 

(I 

n 

1 

0 

(i 

0 

1 

0 

1 

0 

l 

0 

0 

0 

1 

1 

0 

0 

l 

1 

0 

0 

1 

0 

0 

l 

0 


0 

1 

1 

1 

0 

4 

i 

u 


n 

1 

1 

<1 

0 

1 

\ 

1 

0 

0 

1 

0 

0 

o 

I 

1 

1 

n 

1 

0 

1 

: : l 

0 

0 

0 

l 

1 

1 

1 

i 1 

0 

0 

1 

l 

l 

1 

0 

I 

0 

1 

0 

1 

1 

(1 

0 

. i 

0 

l 

1 

l 

1 

0 

1 

i 

1 

0 

0 

1 

0 

0 

0 

| i 

1 

0 

1 

l 

0 

0 

1 

1 i 

I 

1 

1 

0 

1 

0 

1 

1 

1 l 

_ _____ _ i r ^ _ 

1 

_ r t _ _ _ _ _ _ 

1 

1 

1 

0 

1 

0 
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Now we arc going to solve some examples. 


Number System 


Solved 


Ex. 52 : Perform following Conversions : 

77) 8 to binary and hex. 

(ii) (AF19) 16 to Binary and octal. 

PU 1 1 01 01 1 1 . 1 1 0 ) to octal and hex. 


OyHAB COF) 16 to octal and decimal. 

Soln. : 

(i) ( 623 . 77) 8 = (110 010 011. 111 111) 

0 0 0 1 1 0 0 1 0 0 1 1 1 1 


1111 1100 


binary 


••• (623 . 77) = (193 . FC) 16 . 

(ii) (A F 1 9) 16 » hex - 

It U ^ U 1 

(1 0 1 0 1 1 1 1 0 0 0 1 1 0 0 1) 2 > Binary. 

0 0 1 0 1 0 1 1 1 1 00 0 1 1 0 0 1 
u 41 U U U U 

1 2 7 4 3 1 

(iii) (1 1 0 1 0 1 1 1 . 1 1 0) 2 = (?) 8 = (?), 6 

(0 11 0 1 0 1 1 1 • 1 1 0 ) 

H I I U 

(3 2 7. 6) 8 

110 1 0 111 * 1 \ 1 0 * 
r» 7 . E > 


hex to binary conversion. 


binary*! 


binary to octal 


Octal conversion 


HO ), 

Ii 

6)g 


(327 . 6), 


binary 


D 7 . E — 

(1 10101 11.11 0) 2 = (327 . 6) 8 - (D7 . E), 6 


Hex hex to binary 


binary 


(iv) B . C 0 F),6 » Hex -I hex to binai 

(1 0 10 ion 1 1 0 0 0000 nil) — binaryj 

010 101 ILL • 111 Ml «®± ill bi "“ y 

— 2 r 3 . 6 o 1 7 > octal 

= (25J.6017), 

DeC f!* + Bxl6HCx. 6 ^0x,6-HFx,6-> 

» 10xl6+llxl + I2x^ + ° + ^T 


(171 . 07536), 0 . 
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Soln. : 

(i) 


*m foltowmg cooverstons 

fn\ Ion 9 89 ^'° ,0 b,naf y 

> 1204 12S»„ to hex 

, -*■ 1625 to octet 

Oy- (11001011 01110)2 to dec, mat 

y\y (574) 8 to binary and decimal. 


Integer 919 


2 

2 

2 

2 

2 

2 

2 

2 

2 


919 


Quotient Remainder 


459 


229 


114 


57 


28 


14 


1 

1 

1 

0 

1 

0 

0 

1 

1 

1 


For fractional part 


, (LSB) 


(MSB) 


Decimal fraction 

base 

Answer 

Recorded bit 

0.89 

X 

2 

1.78 

1 

0 78 

X 

2 

1.56 

1 

0.56 

X 

2 

1.12 

1 

0.12 

X 

2 

0.24 

0 

0.24 

X 

2 

0.48 

0 

19 K9) I0 = 

(11 100101 11 . 1110), 



eger. 





16 

204 





( Quotient 

| j Remainder 





(Decimal) 


(bex) 

16 

12 

12 

> 

C » 


(MSB) 


-4 (LSB) 


I L. 

Fractional part. 

Decimal fraction 


0 1 25 

(704 12*0, =(CC 2)„, 
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-12 


base 


l(> 


Answer 


2 (KM) 


(LSB) 

— ♦ (LSB) 

Recorded bit 
(Decimal) 
Ihexj 

2 










OK) <625 . 625) |0 l0 ^ 
integer 


Number System 


Fractional part. 

0.625 x 8 


8 


. 625 



Quotient 

8 ‘ 

78 

8 

9 

8 

1 


' 

t 


Remainder 


1 

6 

1 

.1 


Original Number 

> (LSB) 

▲ 

> (MSB) 


= 5 


(625 . 625), 0 = (1 161 . 5) • 

0v) (1100101 1.01110), to decimal. 

+ ^ x 2~ '+\x 2-4 + 0x2~* 24+lx 25 + 0 x 22 + lx2 ' + lx 2°+0xr' + lx2- 
= (202 . 4375) 10 

. (v) (574) 8 

5x8 2 + 7x8'+4x8° = 5x 64 + 56 + 4 = (380), 

••• ( 5 74) 8 = (380) 10 


MO 


A- 


(5 7 4) 8 

•i 'i 4 

101 111 100 
(574) g = (101111 100) 2 


Octal 


binary 


Octal to binary 


Ex. 54 : Perform following conversions : 

Ji) (18) 10 toXS-3, 

Sofn. : 

( 1 8).o 

+ 3 + 3 


4 

u 

0 10 0 

(18), 0 = (0100 101 l ) X s-3 

(i0/f*010) 2 to Gray Code. 

Soln. : 


u 

4 

1011 


decimal 
Add 3 
XS-3 

XS - 3 (binary) 



/■ a « a\ —.1111 nr mi 
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i *n 




,/f 


f/*' 


W"'* 


Dtgrtai 

iWl (IJ), # to K42 1 IK 0. 

s °ln. : (n, (i <onoi i»oi l> m42 , „ „ 

<»v) (1101 100), (O U ra>. 

Soln. : 

$ * 

•» , 

i I o 




<b 


% 


O 


0 


I 0 

(I lo| loo), - 101 1010 gray 

(v>l'l 1 1 gray to binary. 

Soln. : 


I 


A | ~ * | 0 4 

^ o > 


/. (1 1 II ) gray * (I010) : 

(vi) (847) |0 to 8421 BCD. XS-3 and gray code. 
Soln. : (a) (X 47 ) 10 = 1000 0100 

8 4 7 > decimal 

+ + 

3 3 3 » add 3 


+ H42I BCD 


(b) 


7 10 XS-3 (Excess - 3) 


II 


1 I X 

v v ▼ 


1011 01 1 1 1010 

(847) lo «(IOIl 0111 1010)^.., 

(c) (847), 0 to gray. 

For this first convert decimal to binary and then binary to gray 
2 847 


Quotient 


r 


423 

211 


2 

2 

2 

2 

2 

2 

2 


105 


52 

26 


13 




6 

3 


L. _ 


, Rcmaindfri 

1 

1 

l 

1 

0 

0 

1 

0 

l 

— 1 


fl-SB) 


(MSB) 
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Decimal 

3 3 2 1 

J J 21 

4 4 3 2 

4 4 32 

0 

0 0 0 0 

0 0 0 0 1 

0 0 0 0 

0 0 0 0 

1 

0 0 0 1 

0 0 0 | 

00 | I 

1 0 0 11 

2 

0 0 1 0 

0 0 10 

0 10 1 

tool 

1 

0 0 1 1 

0 1 0 0 

0 0 10 

0 0 1 0 

4 

0 10 1 

10 0 1 

0 10 0 

1 0 0 0 

5 

10 10 

0 1 10 

toil 

0 111 

6 

l loo 

1 0 1 1 

110 1 

110 1 

7 

II 0 1 

110 1 

10 10 

0 110 

8 

1110 

1110 

1 10 0 

1 10 0 

9 

lilt 

! 11 1 1 

1 1 1 1 

1 1 1 1 


Scanned by CamScanner 





Digital 

— — 1-70 — 

Ex 57 • c \ 742^ 0" ~ 

• express decimal number 0 - 9 in following BCD code* 0» 

Soln. : 


N^i' 


& 


st*' 11 * 



7 4 2 1 1 

8 4 2 1 

I’vVIlllill ’ 

0 

0 0 0 0 

o o o o 

i 

0 0 0 1 

0 0 o l 

2 

0 0 1 o 

o o 1 0 

3 

ooii j 

0 o 1 1 

4 

0 l 0 0 

0 l o o 

5 

0 l o l 

i on' 1 

t> 

Olio 

i 

7 

l 0 0 o 

Oil* 

8 

tool 

1 0 0 o 

g 

t 0 l o 

! i o 0,1 


Ex. 58 : Encode following four bit binary woids into a <<?%«• n ^ 
(i) 1001 

(li) 1010 

Soln. : Hamming code 7 bit data formal is gi\en a> 

D 7 D, D s P 4 D. P 2 P, 

(i) Given D 7 D 6 P 4 D- P> P( 

1 0 0 P 4 1 P; p i 

Selection should be such that we get c\cn pant' ti r 

(a) P 4 D 5 D t< D 7 

_ 0 0 1 => P 4 = 1 

(b) P> D-, D* 

1 0 l => P ; = 0 

(c) P, Dj D 5 D 7 

1 0 1 => P i “ 0 

. The 7 bit even parity Hamming Code is 

7 0 0 1 1 0 0 

D, D„ D< P 4 D, P; p . 

(ii) Given D ; D„ D, P 4 j J J 

1 0 I P 4 » p : p . 

Selection should be such lhat »c gel c\cn paiit> for 

(a) P 4 D, D 6 D, 

1 0 1 => p 4 - 0 

(b) P; D, D 6 D, 

0 o 1 => P 2 " 1 

(0 p, D, n» ^ =0 

7 bit hamming code is_ 


parity XT**** 




f i/u * w _ n 

D, D„ D, p , D J P J ‘ 1 

I 0 1 0 " 


p , 

0 1 0 
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Number Svatem 


tho correct data ? 


So »n. : Givcn^ nillOI. What is 

S" rtT o'* 11 - f °''° w "~n. even part,,. 

* 6 ^7 

or even parity P 4 must be 1, as D s ** D 6 = D 7 *» 1 results in odd 

(b) P 2 Dj Dfi d 7 number of l's. 

For even parity P 2 must be 1 as D 3 ** D (i = D 7 = 1 , results in odd 

(c) P, D 3 D 5 D 7 number of l's. 

error 0 For even parity P, must be 1 as D 3 = = D 7 = 1, results in odd 

numbers of l's. 

’ ’ ^suiting binary word is 

( 010)2 ~ (2) io 2nd bit is in error. 

Correct Code is 1111 111. 

Ex. 60 . A seven bit even parity hamming code is received as 1110101. What is the correct 
code ? 

Soln. : Given D 7 D 6 D 5 P 4 D 3 P 2 P, 

1 110 10 1 
Bits P 4 D s D 6 D 7 

0 111 error 1 For even parity P 4 must be 1 as D 5 = D 6 = D 7 = 1 , results in odd 

parity. 

Bits P 2 D 3 D 6 D 7 

0 111 error 1 For even parity P 2 must be 1 as D 3 = D 6 = = 1 , results in odd 

parity. 

Bits P, D 3 D 5 D 7 

1 1 1 1 No error 0 P, = 1, as D 3 = D 5 = D 7 = 1 forms odd parity. 

Resulting binary error word is (1 10 ) 2 6 th bit is in error. correct code is 1010101 . 

•x. 61 : Encode data bits 1100 into seven bits even parity hamming code, 
loin. : The hamming code is, 

D 5 D 4 D, 


D 


7 ‘-'6 ~4 -3 


1 1 0 P 4 0 

(a) P 4 set for even parity for bits 4 , 5 , 6, 7 . 


Pi 

P, 


data bits introduced 


(b) 




P 4 

0 

p set for even parity for bits 2, 3, 6, 7. 

P 4 

0 


1 

D< 


d 7 

1 

D 7 

1 


=*p 4 = 0 


=»P 2 = 0 
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* SCt ,or c ' cn P*»m> foi bus 1 V * 7 


o 


1-T? 

n. 

u 


Firvil code used is, 

D » O, D k P 4 p, p p, - i | o o o o I 

* ^*t* r,T *n* tf;<* value 0 f tase n if 

(» i2l1^«,l52> 8 (•) (193), = (623*, 

Solo. : ,0 ( 2 in,- (152), 

Tlus can be u ntien os 

V+Ix\ +Ix\ , »|x* ; + 5x8>]x* 
2\ - ■*■ \ * 1 = M ♦ 40 ♦ 2 

2x : ♦ \ ♦ 1 = |06 

2x : + \ - 105 - 0 


P, 

I 


^ P, 


pu) (225), 


- (34 "a 


Vi , . - b i N b - 4 ,k 

Nw son e the eon ition r 

2a 

WTicr c a = 2 b = 1 c * 105 Take ne nx>( 


Anx. 


x 


00 (1^3), = (t>2n, 

lx\ ; +9\\+Vx\ * 6 x 8 ; + 2 x S' + n 8 


x* ♦ 9x ♦ 1 

- 401 

\ : ♦ 9x - 400 

- 0 

Solving this we get 

[x- I6| 

nn) (225), ( ; 4 1 \ 


2 x v 2 x \ ’ 

5xi 

2\ : 2 \ ■* 5 

rr 22 * 


2x : ♦ 2\ - 200 = 0 

x* \ - 100 = 0 

Solve tlus using equation given 
|x - 10) 


Ex. 63 : Represent 8620 decimal number in (a) BCD 8421 (b) XS-3 (c) 2421 code 
SoJn. : (a) BCD 8421 


8 6 2 0 
1 0 0 0 0 1 10 0 0 1 0 0 0 0 0 
(b) xs -3 

8 6 2 0 > 

a -333 3 * Add 3 

119 5 3 

ill i 

1011 1000 0101 0011 > 

(c) 242 1 Code 

8 6 2 0 

1110 11(H) 0010 0000 


decimal 
-» 8421 BCD. 


decimal 


XS -3 


Decimal 
2421 Code 


Scanned by CamScanner 


u* 1*1 number* t** bjv** 2 number* ; 
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^ofeerr 


2 

J5e 

2- ; 

2ft 

£ 



.X 

■2 . 

-r 


> 


= ;. j :u: m- 




I Ct/nvrr" Tulrcnr mj; tma inmiiir! n atrrnxui 
n fti «s 

« -: > * f 

= ^r: 




Hi 


U 


. <•— ■ 


= 5 -’■ t * I •• t ' 
* Jt 1 - 2*3 


V*£> 


Op. 




i VL*r%^ 


___vr.s. 


.A**- 


r V 'nt sirtr*t #mk trr - 

n iv.^ V Vt*w 
■13 -annum*: Wtic 

tS’t.f. •'■ .Ivsrrsf' ’ 5 ‘ssUor. ■ 

■ {.I* ' ' : - f5 


M *Kv t> 

lip %, 3 et- Mu Me} - lK5C * 


*** — !w tbe mbm **“• ** 2 "■** 

(•g; imiM 10 aww**** 

i.JT - : C ■ . , ~ 


< 5 .^ :> 


* 3 / ;' - 


.- — 3 ■*»• 

0 ~ ,r J -*■ i ! • 

« xtms 

•jr, 

SM% * •■' 



... . . 

• • • ; •. ' ‘ ■ ■:. '-•• *-'•'•■•'' . 

- ' ; '■’'* " V *' S : . -- ■ 
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PJ2 ftal_ 


1-75 


(») (1010. 1 KM)), 


Int roduction to Digital S ystem & Number System* 


1 x 2 4 + 0 x 2 2 + 1 x 2* + 0 x 2° + 1 x 2 4 + 1 x 2 2 + 0 x 2 V+ 0 x 2 4 
“ H + 0 + 2+0 + 0.5 + 0.25 +■ 0 + 0 
- 10.75 


(1010 1100); =» (10. 75), 


5 * Convert Allowing base 8 numbers to base 2 numbers : 

(i) 764 (ii) 46 
Ans. : (i) (764)„ 

7=111 


...Ans. 
(Dee. 96, 2 Marks) 


In binary 6 = | in 
4=100 


3 bit binary representation 


(764 ) 8 = (111! 10100); 


...Ans. 


(H) (46) x 

In bimrv 4 ‘ 1 " 0 
6=110 


3 bit binary representation 


(46) r = (1001 10) 2 


6. Convert from BCD to Hex the following numbers : 

(i) 402 (ii) 83 

An*.: (i) First convert the given decimal number to BCD 

(402), 0 „ (0 I 0 0 0 0 0 0 0 0 1 <» |K l) 


...Ans. 
(Dec. 96, 4 Marks) 


i i 

4 0 

Now convert (402), 0 to Binary equivalent 


4 

■> 


2 

402 ► 


Quotient 

Remainder 

2 

201 

0 

2 

100 

1 

2 

50 

0 

2 

25 

0 

2 

12 

1 

2 

6 

0 

2 

3 

0 

2 

1 

1 


1 

1 

ft* 1 — 

!),„ = (1 100 100 10)2 


Original number 

► LSB 


+ MSB 
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(83) 10 =(1 00 0 0 0 1 1) BCD 

8 3 

Now convert (83), 0 to binary equivalent. 


2 

83 

Quotient 

2 

41 

2 

20 

2 

10 

2 

5 

2 

2 

2 

1 


Remainder 


1 

1 

0 

0 

1 

0 

1 


Original number 

LSB 


-►MSB 


(83) |0 = ( 1 0 1 0 0 I 1 ) 2 

% 

Now convert the binary number to Hex. making group of 4bits from right to left. 

0 10 1 0 0 11 


5 3 

(83) J0 = ( 1 0 I 0 0 I 1 ) 2 = (53 ) H 


(83 ), 0 = ( 1 0 0 0 0 0 1 1) BCD = (1 0 1 0 0 1 1) 2 
= <53)« 


...Ans. 


7. Write short note on : Gray code and its applications. (Dec. 96, May 97, 6 Marks) 

\ns. : Refer Section 1.11.2 and 1 . 1 5.6 (depicts 2 steps of converting binary to gray) 

(D«c. 96, Dec. 97, 6 Marks) 


Write short note on : Error correcting codes, 
ins. : Refer Section 1 .13.6 
Determine 


inc equivalent decimal number* for the following binary number, :(May 97 

d) hum. lorn o'i) 11m.m11 ’ y * 


Marks) 
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Digital 


■A"*. : (i) (1001. 1(110> 2 

Wriic Itinniy number 


1-77 


Introduction to Digitnl Ry%t«m> ft flumbirr 


" 1 0 <> I ' 10 10 

Weights of binary number -> 2 ’ 2 2 2 1 2 ° - 2 1 2 2 2 ’ 2 4 

" ’ x 2' 1 + 0 x 2 3 -t- 0 x 2 l f I x 2° + 1 x 2 1 + 0 x 2 3 . I x 2 1 0 x 2 4 

K + 0 + () »• 1 4 0,5-t 0*4 0,125 »• 0 
“ 9.625 


I (1001.1010), n (9 .6254,,, 

(it) (11 10.101 1) 2 

* 1 x 2' 1 M x 2 1 l- 1 x 2 1 H) x 2° M x 2 1 Ml x 2 2 r I / 2 1 M / 2 
= 8 + 4 + 24-0 + 0.5 + 0 + 0.125 + 0.0625 


. . * Arm# 


= 14.6875 


(11 10. 1011 ) 2 = (14.6875) 


to 


10. Convert the following base 8 numbers to base 2 numbers : 

(i) 76 (ii) 457 

Ans.: (i) (76) x 

In binary \ ~ j [ ( * | 3 bit binary representation. 


(76) g = (1 1 1 1 1 0) 2 


(ii) (457) 8 

4=100 
In binary 5=101 
7 = l 1 U 


3 bit binary representation 


|~( 457) 8 = (1 0 0 1 0 1 1 1 1)2 


j j convert from BCD to Hex the following numbers : 
(i) 958 (“) 77 

. (i ) First convert the given decimal number to BCD 

= (1001 0101 100 0) BCD 


Ans. : (0 


(958)io 


i 

8 


Now 


convert (9581,0 lo binaD equivalent. 


Scanned by CamScanner 


...Ans. 
(May 97, 2 Marks) 


...Ans. 


...Ans. 
(May 97, 2 Marks) 



958 


Quotiont 




479 


239 


119 


59 


29 


14 


7 


3 



1 


i 


* 



origin*' HU"*- 


0 

1 

1 

1 

1 

1 

0 

1 

1 



> MSB 


II 0 I | | I I („ 2 

1 lo licx |»roup of I bits from ri^hl lo left 

! L ioii iiio 


H E 

"I, ( 'M >| Icv 

00 " 00 1 *>.«,, (I l 10 1 I M 10, 


A vi v 
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1 7i> 


V*w 


Introduction to Digital SyMnm & Number &y%t«jmt 


A n ' Cl1 hllwr ' nun * bcr lo 11 ex nuikin** group of 4 bits from riKhl to tell 
- ° 1 0 0 1101 

4 l) 

( ' 7) to (• oo M 0 hj (41)) Iu . y 

— 77>l ° *(0 111 on |) ltr n »(1 6 o n 0 l)j- (4D), U 

1 2. fvplain the difference between 


Bp- 


...Ails. 


crror detecting code and error con ci lium code. 

(May 97, 6 Marks) 


Abjl : Refer Section 1 1> 

Hot emu ih equivalent decimal numbers for the follmvinj* binary numbers: (Dec. ‘>7, 2 Marks) 
© 1,W ».1101 (II) 1 1 10.0101 

An*.: <D (1 1 ix> 1 101 ), 

Gi\ en binary number is 

= 1100.1101 

= I x 2' + I x 2‘ + 0x 2 1 + l)x 2° + 1x2 1 4- 1 x 2 2 4 0 x 2 ' 4 | x 2 4 
= 8 + 4 + 0 + 0 + 0.5 + 0 25 + 0 4 () 0625 
= 12 8125 


(1 1(H> 1 101). = (12.8125) 


to 


...Ans. 

. i 

(u) (1 1 10 0101). 

Given birun number is 

= 1110.0101 

= 1 x 2'’ + 1 x 2‘ + 1 x 2 1 + 0 x 2° + 0 x 2 1 + 1 x 2 2 + 0 x 2 ' + 1 x 2 1 
= 8 + 44-2 + 0 + 0 + 0.25 + 0 + 0.0625 
= 143125 


(1110.0101), = (14.3125M 

. . — — — 

14. Convert follow ing octal number to binary numbers : 

(i) 17 5 (ii) 36 

Ans. : (i) (175) 8 


... Ans. 
(Dec. 97, 2 Marks) 


1 = 0 0 I 

In binary 7 = 1 1 1 M bit binary representation 

* 5 = 1 0 1 J 


Equivalent binary number is. 
(ii) (36 )g 


( 175)8 = ( 001111101)2 


...Ans. 


In binary 


3-01 1 
6-110 


l 3 bit binary representation 
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I 

i 
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**"***»» <>r « 4 tesiaaam 

* Ofigmai r<omc/*r 

[ W«m«tnciT j 

0 


-*• ise 


1 

0 

1 

1 

1 


♦ MSB 


(58 >I0 = (11101 0) 2 

KX>m ert b,na ° t0 Hex "^*"8 group of 4 bus from nghi , 0 i cfl 

JLJL_L_L » o 1 o 

3 a 

< 58 >10 ~ (1 1 1 0 1 0) 2 = (3A>„ ox 

o 1 0 0 


36. Determine equivalent decimal numbers for the folio*,*. kj- 

(0 1101.1011 (H) 0110.1110 binary numbers M«, *, 2 Marts* 

Ans. : (i) ( 1101. 101 1) 2 

= Ix2 3 +Ix2 2 +Ox2* +1x2°+1x2 i +Ox2 j »Ik2'»1*2 4 

= 8 + 4 + 0 + 1 + 0 5 + 0 125 + 0 0625 
= 13.6875 


...Ant 


'10 


...All 


(1101. 101 1) 2 = (13.6875), 

(ii) (0110. U10) 2 

= Ox2 3 +lx2 2 +lx2 , +Ox2°+lx2 , + lx 2 2 Mx 2 3 ‘ 0 ,;^ 
= 0 + 4 + 2 + 0 + 0.5 + 0.25 4 - 0.125 ♦ 0 
= 6.875 


( 01 10 . 1 1 10) 2 = ( 6 . 875) l0 


1 7. Convert the following numbers to binary numbers : 
(i) (12J) 4 \ (ii) (2J0) 4 

Ins.: (i)(123) 4 

1=01 


...Ans. 
(May * 8 , l Mirks > 


inaiy equivalent of 2 = 1 0^ 


2 bit binaiy representation 


( 123>4 


= (OllOlDj 


...A* 
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' V 


Digital 


(ii) (230) 4 


e»- 2 = 10 

DJnar>- equivalent of 3=11 


Introductionjo 


3 = I 1 f 2 bit binary representation 

0 = 0 0 J 

(230) 4 = (101 100) 2 


o fvjU 

DigitalJ^ 




Certain number systen 
and maximum number 


Lent 


: . 1 cauiva |eni qjj 4 ivia 1 — ' 

system has base 7. What is the hexadecima ^ bits- ( ,v4sl ' -pressed » n 
imber that is expressed using the base 7 an ^hey arc C 


1 ' an d niaximum number that is expressed using the base ^ey arc 

Ans.: A number system having base 7 represents numbers from 0. 1 . 
single bit. . 4 bits = (0000>7 

So the minimum number in system which has base 7 and is expressed 

Hexadecimal equivalent of minimum number having base 7 is 

(0000) 7 = (0000) 16 

Similarly Maximum 4 bit number using base 7 is = (6666)7 

For hexadecimal equivalent first convert given number into decimal numb 
/. To find hexadecimal equivalent of (6666) 7 convert it into decimal nuni 

(6666) 7 = 6x 7 3 +6x 7 2 +6x 7 '+ 6 x 7 ° 

= 2058 + 294 + 42 + 6 
= 2400 

(6666) 7 = ( 2400) 10 

Now for converting decimal to hex number. 


...Ab- 



original number 


Remainder 


(2400) I0 = (960) 16 

Hexadecimal equivalent of maximum number : (6666) 7 = (960) 16 | 


» « . Ans. 


19. Determine equivalent decimal numbers for the following binary numbers: (Dec. 98, 2Marks) 
(i) 1001.0111 (ii) 1010.1011 
Ans.: (*) (1001.01 1 1) 2 

Equivalent decimal number is 

= 1 x 2 3 + 0 x 2 2 + 0 x 2 1 + 1 x 2° + 0 x 2 -1 + 1 x 2 1 + 1 x 2 3 + 1 x 2 4 
= 8 + 0 + 0+ 1 +0 + 0.25 + 0.125 + 0.0625 


= 9.4375 


(1001.01 11) 2 * (9.4375), 0 
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^0 (loio.ioi j) 2 


-HL 


Ifilfofiiif.lion to Digital S ystem & Number System; 


’’’ * ^uivaleMdedttMl number In 

w 1 X2' 4-0*2* 4-1*2' M)x2°+Ix2-U()x2- 2 + 1x2' 3 + 1x 2' 4 
** H f 0 ♦ 2 10 + 0.5 4 0 » 0. 125 + 0.0625 
** 10,6875 

ttfAoif 

(Dec. 98, 3 Marks) 


^ ( 1 0 6H75 )|ol 

2<> * What is ihe necessity of a parity code ? 

: Refer Section U 3 and I . n, | , 

21. Determine equivalent hexadecimal numbers for the following decimal numbers : 

(I) 2338 (II) 0.122 (June 99, 2 Marks) 

Ana. : (j) Refer Section 1.6, i, Ex. 21 

(ii) Refer Section 1,6,1. Ex. 24 t 

22. Determine equivalent decimal numbers for the following octal numbers : (June 99, 2 Marks) 
(i) 732 (ii) 0.123 

Ana.: (i) (732) K 

» 7 x 8 2 t- 3 x 8 1 +• 2 x H° 

■ (474) |( , 

(732)# " (474) lw l -Ans. 


(ii) 0.12.3 

Ana.: Refer Section 1.5.2, Ex. 19. 

23. Perform the following conversions : 

(28), 0 to 8421 BCD, XS - 3 and gray code. 

Ana.: (28), 0 

(a) 13CD 8421 

2 8 -> decimal 

i i 

() 0 1 0 I 0 0 0 -> 8421 BCD] 


(June 99, 3 Marks) 


...Ans. 


(b) XS - 3 


2 

3 


decimal number 
- Add 3 


5 

i 


11 

i 


0 


| 0 1 10 11 -> XS - 3 


♦«»Ans. 


(c) (2*)» io eroy 

For this first convert decimal to binary and then btnaty to gray. 


v-r •' ' 


i 
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Origin* 1 


28 



Remainder 



Li 

4 



* (I1I00) 2 



0 0 1 


0 


0 ( 10010 wl 

1 - bit binary word into a sc'cn bit t'cn p 


5 7. E\ 5X on Page I 7 <> 

ing BCD number to hexadecimal number : 


BCD 

, = (1001 0 I II 
i i 

9 7 

binary equivalent 


0 o 0 I ),*,> 

| 

X 

I 


971 

Quotient 

485 

242 


' 60 
30 
15 
7 ' 
3 
1 
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f- Original 

Remainder 

1 ► IS 

i 

1 

0 

1 

0 

0 

1 

1 

1 



1-85 


Now 


(’>71) 


10 


■ com CO b.,«o- . ' ' " 1 0 0 l"oTo7~ * NjmM ' S»<«™ 

UJU, 

■•.' «»'» 

L_JlIilio * (TcToTViTp 

26 * p ^iform the foiin^ ~ (ll| l o » i o rT)7^~ncm — 1 

<«’),„ io ■ — — 

A "*.. (I9) » AS - 3 and f*r» 

(a) BCD 8421 
1 

4 


and gray code. 


(Dec. 99,3 Marks) 


000 1 


9 

4 

1 00 


(b) XS - 3 


,< l9 >io = (CKK) 1 I001> I1CI> 


Decimal 
-> H42 1 BCD 


1 

4 

4 


9 

3 

12 

I 


-> decimal 
-> Add 3 


0 10 0 11 0 0 -> XS - 3 


(19), 0 = (0100 1 100) XS - 3 


(c) Gray code 

For this first convert decimal to binary and then biruiry to gray. 

► Original number 


2 

19 

Quotient 

2 

9 

2 

4 

2 

2 

2 

1 

i 


Remainder 


1 

1 

0 

0 

1 


■* LSB 

4 


-► MSB 


..Ans. 




Jinaiy : 


1 1 
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Gray 







■ 0 i»i'» e .,7l 

i c BCD number lo ils equiv*le»* 



= <0110 1001 01 1 1>|»CD 
s binary equivalent. 

697 


Origina* r 


Quotient 





348 


174 


87 


43 


21 


10 


5 


2 



1 

I 
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Binar y Arithmetic 


Syllabus : 


mber binary order, 1 s and 2 s Complement codes, Binary Arithmetic 


Nam« of tho Topic 


Section 

number 


Theory | Problems 


Binary addition / subtraction 


2.2 - 2 3 


► Negative number representation in 
binary system 


• Binary subtraction using Vs and 2‘s 
complement method 


Binary division / multiplication 


2 6-27 


• Arithmetic in actual number system 


• Arithmetic in hexadecimal number system 


• BCD arithmetic 


2.10 


XS*3 arithmetic 


2.11 - 2.12 


✓ y 



Comments 


• Binary anthmetc is base for the computers. 

• AIMhe concepts will be used in chapte f * 5 for designing 


combinational logic circuis. 
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Table 2.1 

As you arc aware A 0 /B f . represents 2" position of binar> 


A 0 = B 0 = 0 
A () = 0, B 0 - 1 
A„ = I. B„ =0 
A„ = I. B„ =1 


A^ Bq 
=* Ox 2° + 0 > 
=> 0 x 2° + 1 > 

=> 1 x 2° + 0 > 

=> 1 x 2° + 1 > 

(2) lo = dO) 


2 ° = 0 
2 ° = 1 
2 ° = 1 

2 ° = 1 + 1 = ( 2) 10 
/.( 1 

T 

Cam- 


. in binary 

0 ) 2 
t 

Sum 


Let's perform some example to understand addition operation. 

Ex. 1 : Add (2) 10 and (3)^ 

Soln. : (2) w = (0<)10) 2 , (3), 0 = (001I) 2 . 

(MSB) 

( 2 ) jo => 0 0 


_____ r ___ r . 

ram' bits => [oj Li 

~o r o i 

(S3) (S 2 ) (S,) (Sp) 

^ 7 ; A 0 + B 0 = 0 + 1 = l cany = 0 (Refer Table 2.1), S 0 = \. 

en fl : A, + Bj = 1 + 1 - 0, cany ~ 1 

, cany i s cfl/T ,W to next bits U A 2 , B 2 position The answer W we got should be 
earn generated from previous stage. — _ — 


0 


(LSB) 

0 


^0 


B 


B 


B 


Br 
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r • 

I 


2 3 


111 : 


S «*P IV 


0 ♦ L£j • © s, - o 

A 2 *■ Bj - o ♦ o • 0, cam HTj 

lhou y * „„ ^ fnm rfoioui 

*J - « ♦ UJ - I , S, - I 

A, ► B, - 0 ♦ 0 - 0 . um [oj 
Th,, 4 m*et .* added »nh p»rvm 

S, » 0 ♦ fp] » 0, . . S, « 0 


B rirj Arn»»tr»«.*vc 


Am,\*rr - (Jj 


10 


O) 


10 




LW_ — 


looio^ • iooii> 2 - (oioi^ 


*<*• (i) 


A?L 


A •*•”**• to un6*nton4 ptmg c •aty *♦ ►o.-t ate® tafran »n«o aocoutrtl 

o fr y */ori moogh i * O’ y if c*"7 gon*^s»‘*d * o oo* %houtd not' 

C t >tr4u«« 4*y V4U/£ 4DO£D TO Z£PO fS VAO/C ffSJEi./ 

^'*7 > ' rr ' — /O-j p*'V,frr 4 2 1 


^4* i • 4<fcJ and (3} 1( j 

Soln. : 

w > o 


(V 


0> m 

< »rn 


0 


m 


0 

-=A 

I 


0 


0 


I 

*r 

1 

0 


C* 


A, 

", 


A] 


B, H, 


H. 


s i % 


(I) Hers adding A, 4t»d D, Miihurn it important tiepn 
A . ♦ H , * 0 ♦ I • I . tarn W 
Pul ( Answer) ♦ (( am ) • I ♦ [l] Ritri wm • 0 
ami cam * I I irulh S| • 0 ud tarn * I 
(2) Same t*.rt A- and B. 

A 3 ♦ P; ♦ cam - I ♦ 0 ♦ I 

I ♦ i) • | mth cam 3 / son can neglect this at rt » zero 

Bat 1*1 • 0 vnthatm I 

f f 

Afflwn Cam 

Fia»I!> Sj • 0 and carnj 

iit„ * I»i„i«%> ♦ wnjj-iionftjjj 
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( 1100 ), + ( 01 <X)). » ( 10000 ) 


Ex. 4 : Add two binary numbers (11000) 2 and (10101) 2 

Soln. : 

I 

*■ I 

C.irn- -> 0 

i 

I 


I 

o 


0 

1 


0 

0 


0 

1 


0 I 

(IIOOO), ♦ (IOIOI)j (101 101), 


I 


Ex. 5 : Add (10110), * (01 1 1) 2 
Soln. : (10110), » (22), 0 . (0111), =(7) ia 

( 22 ho => I Oil 

+ + 

Oho -> oil 

cany -» I II 1 1 J 

I 


0 

1 


tr> 


A, 

II, 


A, 

B, 


B 


OT I0 I | 

A ns. (1 1 101), -(29), 0 
Here, A, ■+ 0 , * 1 + 1 * 0 with cam I 

A, + 0 . + Carry » I + I -f I 

i i 


0 


s, s, 


S, 


s, 


Sum = 1 = 5 ,, earn = 1 


-0 + I » l - S, 

i 

(nidi carry' T) 


Add two binary numbers : 

(1 1 01 . 1 0 1) 2 and (0 1 0 1 . 1 0 0 ). 

So/n. : T/iis pan comains. fraclion.il part also. TIic basic is going to remain same. 


(I 


'any -> jj] 


0 

0 


o i . 

0 a 


0 

0 


1 

0 


(13.625) 


\o 


(5.5) 


11 


dj 


( 19 . 125 ) 


10 


0 


0 


1 


0 


Final 

cany 


0 


answer 


V 

. . 


Bn 


S, 


>: - . 

. • ' ■ • 

r. ’ .V ifc*.' 


; 

\ 
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Total aanrer u ( I o 0 I | 0 0 |l. (W|25) 

* ' nr 

2 3 binary Subtraction : 




ThejJlcsJbr binurv s ubtracter is 


A. 

E 


g >en in Table 2 2 Table shous t wo. tugte bu boon njbmdioa 


Dtfrcrtnct B.»mm 



- B 


(Borrow > DefcrciK? 


Table 2.2 


n m Table - -. we haxe B 0 bn The outputs are Difftrtn^c and borrow Bo^cw « 
nx)u from next bit and normalh borrow is subtrxted from next bit tas >ou do m decimal) 

\t ft. B 0 - 0. . . A,j - Bq = 0 - 1) = 0 Therefore difference « 0, borrow » 0 
^ ~ (i ' ®o “ I- A,;, - B, = 1 1 - 1 = 1 Therefore diffcreiKc I and borrow » l 

Just as in decimal number we borrow Id n number being subtracted is grccicr than the other 
number, as the base is 10. Here we borrow 2. as base ot'binan is 2 Therefore a* ^ - B “ 0 - ' 

we borrow 2 w hich geiK-rv.es b>*rrm* bit = ’ v : 2 _ .> answer 1 aid therefore difleiewe ts 

also 1 


(c) A^ =1. B,, = 0. Aq - B,, * 1 - 0 = I. Therefore difference = 1. borrow * 0 

(d) Ay - I. B , = l. A - B 0 = 1 - 1 = 0. Therefore difTerencc = 0. borrow * 0 

Let’s soh e some examples based on same. 


Ex. 7 : Perform (3) 10 - (2) ia 

Soln. : 

(3)|0 =s 0 0 1 1 

(2)jq => 0 0 10 

i — ( — i rr m 

Borrow -* [0, l£j 15. l?J 

4 

Final Borrow 0 0 0 1 

(1) D 0 = A 0 -B 0 =1-0=1. borrow -0 

(2) D, = A, - B, - 0 =1-1=0. borrow = 0 

(3) Dj = Aj - Bj - 0 = 0 - 0 = 0. borrow = 0 

(4) D, = A, - Bj - 0 =0-0*0. borrow » 0 

<3),o-(2), 0 =<1»,« 

Ann.: = (0001 Ij 


A i A- A A 

B ; B ; B : B 3 


D, D : D* D- 
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I I 


tn It 

^oln ; 
to/t* : 


Iwmow 


S <c|> I 
Nlcp II 

S1t‘i> III 

IV ; 

V : 


t-'i * ltf n bt <*' 1 ^ - * 0101 /, 


I'lii <ry 


"v, «»,* 

Ami, ; f 0 0 0 10 / 
1 7 
f lh.il l>//f h/ /v 


r*j 


0 


0 

0 

H 

0 


I 

J 

V 


' 

/ . 


0/10 1 from (01 10/^ 





fl'/r/ borro/r (j //til r 

b«T a* if you subtract 0 

from any 

number tt 


0> oorribnr rH*t)f 






MSI) 

l«SII 





o 1 1 

0 v A, 

a 2 

A, 

\ 


0 1 0 

1 > B i 

b 2 

B, 

Bo 

y 

M 



G«] 


M 

0 0 0 

1 o, 

I> 2 

D| 


1 






f'rrial borrow 






: Sbirl Inn ii I, Ml bil 

: A r , lf, ; • 0 I I will* borrow I 


l>„ I 

; I), A, H, (borrow) - J (J I 

I I 0 (it* I 0 1 willi borrow 0/ 

I), 0 

A , H, I I fc> 0, willi borrow W 
A, ll, 0 0-0, wilh borrow '0' 
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filvil borrow 

(n) A 0 - B 0 - 1 - o = 1 with borrow 0. 

(b) A, - B, - (borrow from previous bit) = o - | - o 

1 with borrow 1 

fr\ A n ,u =1-0=1, with borrow 1. 

o, - (borrow from previous bit) 

- 1 

0 

= 0-1 = 1 with borrow 1. 

(d) A^ — Bj — (borrow from previous bit) 

* iL_!r< 

0-1 = 1 witli borrow T. 

bo ™ w = 1 a i nswcr >s negative and it is not in tme form. Troc fonn means actually it should show 
(0001), = (I), 0 or to be specific (-1) )0 . 


Ex. 11: Perform (1011 . 010) 2 - (0110 . 101) 2 . 

Soln. : This problem deals with fractional part. 


1 


0 


1 1 


(11.25) 


10 


0 


borrow 


0 

i 

final borrow 


0 


1 0 
-1 


0 


1 


0 0 


-1 


0 


(6.625) 


to 


(4 625) 


to 


Ex. 12 : Perform (10101 100) 2 - (00111000) 2 . 

Soln. : 

1 


o 


l 


o 


l i 


0 0 


borrow - — > [o] 

i 

final borrow 

An*. : (0 I I I 0 1 0 0) 2 . 


0 0 


-1 


0 


-1 


-1 


1 1 


1 I 


0 


0 


0 0 


0 0 
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C jta: 2M1 

2.4 Negative Number Representation In Binary System : 


Binary Arrthrnelic 


ta* 

\n . 


9 

i ; 


Umil now we have worked on binary numbers that were unsigned Normally unsigned numbers are 
treated as Positive number But as you are aware, most numerical computation involves botL positi\e and 
negative numbers Therefore we should have method for representing sign (+/-) of the number For 
representing signed magnitude numbers we have following methods 

(a) Sign magnitude code (Notation) OR SM representation 

(b) One’s complement method (l's complement method) 

(c) Two’s complement method (2’s complement method) 

2.4.1 Signed Magnitude Code (SM Representation) : 

In decimal, sign is normally indicated by + or 0 at the left of the number like - 1.414, 0 , - 3 514 10 . 
This notation is called signed magnitude notation, because magnitude follows the sign The generalized 
format is shown as follow s : 


Number B = B 

L 


n - I 




B r 


B- 


B, 


B 




sign bit 

Let's sav for 8 bit the format is 


magnitude 1 B | bits 


B 7l 




B, 


B 4 B, 


B-, 


B, 


B 


Zl 


sign bit ’S' Magnitude 1 B | 

Normally, S bit = 0 —* denotes positive number 
S bit = 1 -* denotes negative number. 

Let's say represent (+120) JO using SM representation. 

120 (Magnitude) = B 6 B 0 * (I 1 I 1 0 0 0) 2 

Number is positive S bit = 0 B 7 = 0 


B 7 

M 

sign 'S' 


B ( 


L 


i 


b 3 

i 


1 


B, 


1. 


b 2 

0 


B, 

0 


B 


o 

0 


magnitude 

To change from (+ 124), 0 to (-124), 0 , simply change B 7 from 0 to 1 This process is called 
negation' 


H24) jo 


Bi 

1 


B, 

.1 


b 5 

1 


B. 


1 


b 3 

1 


b 2 

0 


0 


B 


o 

0, 


sign 'S' 


-(a) 


Magnitude 


If we want from (-124 ), 0 to + 124, again 'negate’ B 7 from 1 to 0 So you get original number. The (a) 
represents (-124), q in sign magnitude bui the same binary format is unsigned number system is (148 ),q, 

(I 1 I I ! 000) 2SM -H24) io 

where 2SM means, 2 is base, SM -► signed magnitude 
(1 I I I I 000j 2 * (148), 0 (unsigned number). 
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0 0 0 
0 0 1 
0 1 0 

0 I 1 

1 0 0 
1 0 I 
1 1 0 
1 1 i 
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numocrof n'bits, 

'c number =* ♦ (2"' 1 - n 

*'c number => - (2 n ' 1 - |) 

t numbers represented will be. 

"e number = ♦ 1 - |) r 

'c number = - i2 ft * 1 - h » 


:- n ' < ^ Util nnuc for 4 bits 

com plemen t notation 
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— 

I 

1 1 

1 

1 1 

1 

0 

1 

1 0 

1 

1 

0 

0 

0 

’ 1 

1 

0 

1 

0 

0 

0 

1 

i 0 

,, 

0 

0 


»•*< w» , lw , w 

,mk ' "*•* «• " ><>■>« •> «« «^ St; *** '"" 

r '' U ,' V '*"“"' "'** *"*«««# rnm*.,. 

*.»*, ' I> 'm <»l l 

> j m»l .'•* 

i O'M k.iu > 


Rmftiy Airthrr^iu 

unuj\u viio V\ i‘ Imnc t \) .u^j 


* \t\|t 


> msm 


Note 


I'^lrtMMOOUj (l.'.M 10 -iHUlOh ; (2%) 10 ihXUOIOOO), 

IS complement of (25), 0 - <00I10) : > ^-25) 

IS complement of (l.'M, 0 - (OOOOOIOK > vi:M, 0 

is complement of u**),,, * (onoioin \ 2 ,* (-'^V 

ll we tvpievont ihc numbers in 12 bn st.md.ml then 

(000 ° 0, " >1 1 0 " 1 *: | Unused bus ait represented as 0 

0.5> |tl (0 0 0 0 0 II 1 I 1 0 l)j > since am number preceded b\ 0 

C*0 I0 (0 0 (l l 00 10 I 0 0 0>j does not affect its magnitude 

«\ IS complement of (25), 0 - (1111 1 I 10 0 1 I0) 2 => (-25) l0 

IS complement of (1 25) | 0 » (1 I I l 10 00 o 0 1 o>, => (-1 25> 10 

IS complement of (2%), 0 • (1 1 I 0 I 10 1 o l i n> => (-2%),,, 

: To get the original number, we take Vs complement again This is obvious as complementing a 
number twice ts the original number ttself 


Ex. 15 : Find Vs complement of (-1000) t0 
Soln. : First find out binon for (1000) 10 . 


1000 



[Quotient 

Remainder 


500 

0 

(1000),*= (MlllOlOO). 

250 

0 

In 12 bit wc gel 

125 

0 

(HX)0), 0 = (tK) UU10 1000). 

i 

1 


ir 

0 
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Solr 


X. t 

>(n 
ie : 




P» 9 <tal 


2-12 


Binary Arithmetic 


(+ l(*MI) l0 -(00 1 1 1 1 1 0 1000), 

I’s complement * (1 1 0 0 000 1 0 1 1 1), 


(- iooo),. 

. — — 1- 

2 4 3 2's Complement Notation (2C Notation) . 

,c code w= have « and -O. Let's say tf we add 6 to 0 i c (0),. - «•>.. * ' 6 >'» 

If WC take all 0 form of texo we get answer 
(0 0 0 0) 2 + (0 I 1 0) 2 “(Oil Oh => (»)io 

But if we take all 1 form of /.ero we get, 

(I I 1 l) 2 + (0 1 1 0) 2 = (0 1 0 1) 2 =* (5) 10 nneeessarv increase hardware 

Five 1 here one' most be added to coned the answer. usj „ g rs complcmem 

Therefore we require one code wh.ch provides ns »»,«< «"> and Uus 8 

notation (2C code) 

2’s complement of a number = I s complement of number + 

Cop ovnninln Idtp t+tit.o = (0110) 2 


I 

For example, take (+f»)|o 
I's complement of (6)j 0 
2's complement of (6), 0 


Lei's take ’O’ Represent ’O' in 2C form 
( 0) 10 *(0 0 0 0 ) 2 . 

I's complement of (0) lo * (1 1 1 1>2 

2's complement of «» l0 => »'s complement of (0) 


(0110) 2 
(ltX)l) 2 

I's complement of (6)i« + I 

10 0 1 

l_ 

(| 0 l 0) 2 => (-b)io ,n codc 


10 


1 l 


Carry 0 0 0 B B 


0 0 0 0 

ignore final cany 
. ( + o) = (OOOOh JUKI 2's complement of (0) lo = ( WKK) h 

... (+0) 10 and (- 0 ), 0 values are same. 

2’s complement has unique zero, 
this codc is most widely used 

Range of representing number in 2’s complement method : 
in 2's complement method binary number of 'n' bits represent 
maximum positive numbers =» * 0 ^ ** 

maximum negative numbers =»- (2* ) 

... for 4 bit btnaiy nun ** r + n»-' - |) * + (2 4 ' 1 - 1)“ + (* - l) * (+7)„, 

maximum positive number (2 D U > t Do 

ric tali' c number . - (2- - <2 
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Tabic 2.5 


Ex. 16 : Find 2's complement of following numbers : 
(0 (~37)io. (•') (“51) 10 . (iii) (-130) 10 . 



( 37), 0 = (I 0 0 I o l) 2 (51),0 = (1 1001 ») 2 (no) 10 = (looo 00 10 ) 2 

8 bit reprcscnlalion of three numbers 

( 37 ),o = (0 0 i 0 o I o I >2 (51), 0 = (0 0 1 1 0 01 1 ) : (no) lu = (ioo o ooim 2 

(a) 2's complement of (37) IO = Vs complement cf 07), 0 + 1 

_ 110 1 10 10 I s complement of (37), 0 

+ • 1 * 

110 1 10 11 
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.P»a!t<»i 


“ - s complement of < 17) |(( 

(b) Same way . 

I ‘s complement of (5 1) 10 => 

* I =* 

-‘s complement of (51) |0 


2-14 ____ 

(-3 ? ), 0 - (I 10 1 |0I 1) 2 


Bin a ry Arithmetic 


10 0 11° 


0 

_L 


110 0 1 1 o 1 

■' ~ 0 10 0 1 l () l) 2 in 2’s complement notation. 

(c) l*s complement of (-130) 10 is (01 1 1 1 101) 2 = (-130),„ in 


f-51)to 


,o - i" as 

though magnitude t its. the representation is illegal. This is because the smallest nega 
representable in 8 bit i.e. (-128),,,. 

we have to use 1 2 bits. 


h bits arc not sufficient to represent -130. 
• > ( + HO ), 0 = (0 0 0 0 1 0 0 0 0 0 1 ()) 2 
I's complement of (130), 0 => l i i 

+ 1 + 


0 111 


l 1 0 1 


1 1 1 


0 111 


2's complement of (130), 0 
(-130),,, in 2's complement = (i I 1 I 0 111 111 0) 2 . 


1110 


(-130), o 


Properties of Two’s Complement : 

Two's complement numbers have several properties that make them particularly attractive lor use in 
digital circuit. 

(1) The first and importnat property is 2C code has a unique representation of zero. (Rclcr I able 2.5). 

So plus and minus zero have the same 2C code. This makes it easier to detect a zero result and 
avoid some arithmetic problem. 

(2) In SM notation we saw that negative numbers have sign bit 1, while non-negative numbers have 
sign bit 0. Tims the sign of a 2C number is always given by its leftmost bit. w ith same standard 
convention i.e. 0 = positive and 1 = negative . This conclusion can be done by observing Table 
2.5 and secondly from the fact that first step i.e. one's complement changes the sign of the 
number. In next step i.e. addition of 1 changes the sign of the number again if it generates earn 
into sign position, this only happens when number is zero. 

In Ex. 16 (c) we saw 2C of (130) 10 , the first argument is already given to you that for 8 bit 
maximum limit is (-128). 

(-130) IO cannot fit Secondly by observing 2's complement string also we conclude i.e 
(-130) |0 = (0 1 1 1 1 1 0 I) 2 

Initially it is zero, so number lias to be positive, but we arc writing (-130), 0 
It should contain 1 because of this we switched over to 12 bit. 

(3) 2's complement of 2’s complemented number is same. It means that you have 2’s complemented 
number, you again find out 2's complement of 2C number. You will get original value. 

Say for an example : 

( 4) l0 = (0 1 0 0) 2 

I's complement of (4), 0 => \ o \ i 

_+ 1 =» _+ 1 

2's complement of (4) 10 =» 1 1 0 0 =*M)| 0 

Now you perform 2's complement operation on (-4), 0 
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< 4) 


10 Ml I 0 o> 2 
S conip| cmen| of(4) 


2-15 


Bina r y Arithmetic 


2‘s 


hto => 0 o 1 

~ ' ~ * => +■ 

complement O f(4) |0 

4i ° nc 03,1 Perform X + Y 
subtraction 


0 I 0 


(+4) 


2.5 


v on n bn 2C integers directly using nK)du | c r addllion and 

In due, t h' UbtraCtl ° n USmg 1 s 8nd 2 ‘ s Comple m ent Method : 

^P^scn' 1 number itS b 

! * 0pcrn,Kl * represented b> negative iumbe^ v * * HI bc s,m P ,c ^«uon. but one of 
,UC s,l,d,c<1 both Hie numbering system MC S COmp cmcnt (,C) or 2 s complement (2C) We 

1 Subtraction using 1's Complement Method : 

I : ac.»t ibc tblimung 

! <0 Intc'fonn a " H '" < ' ^ “ * d « W 10 " K resu " »•«* «* result ,s postttve nnd in „s 

_ ,M ’ J',;;;; c " d aro "" d cn "> * •** » ***« „, K . S C o„,pi cmc „, 


I cl's sec some examples 


Ex. 17 Perform (6)j 0 - (4) 10 using 1's complement method 

Soln. : - (4) |0 ^ 4 ( 4)| 0 

'• ^ c ba\c to represent ( -4 ) j () m negative number representation 

( + b), 0 * (0 I | 0) 2 

(•*• 4) |0 (0 I 0 0) 2 . To find I's complement siniplx complement the bits 

• • (- ->>o "(Id I l) 2 

(♦ 6 >io =>0 1 lo 

+ (“ 4 >io =>101 1 

^0§0 


cam 


( end around 



0 


0 0 


0 0 I 0 => (0 0 1 ()) 2 = (+2), 0 

Answer ( ^2), u ts in tme form as end around cam is present 


Ex. 18 - Perform (4) t0 - (6) 10 using 1's complement method 

Join. * (+ 4), 0 * (^)|o s 4 )io 4 6 ho 

(4*4) I0 = <0 I g 0>2 

(+ 6) I0 « (Oil 0>2 To find I's complement of (+4) l0 
i i I i complement 
H&) jo * (I 0 0 I >2 
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Ptaftal 


ArHhm»tk; 


< + 4 >.o 


0 100 


+ 


(~ 6), 0 


100 1 

cany 

-0 


(“ 2 )|0 

l 

1 4 - 

110 1 


1 

-**0 


Ans. 

110 1 


(earn bit - o ; carry not generated). 

As stated in point (ii) when no end around cany is generated answer is in l's comp 
lerclorc to regain answer in true form complement it. 

An "‘ : (110 l) 2 => (- 2), 0 

'i- -l i i complement 
(0 0 1 ()) 2 => (+ 2) I0 


demented form. 


Ex. 19 . Perform (-4) 10 - (6) 10 using l’s complement method 
Soln. : (-4), 0 -(6) 10 = (- 4 ) 10 + (-6) 10 


In this case both numbers arc negative. 


< + 4) I0 = (0 

1 0 

0) 2 

( + <>)io = 

(0 

1 

1 

0) 2 

i 

i i 

i 


i 

1 

i 

i 

4 )|0 = (I 

0 1 

»2 

C- 6), 0 = 

(1 

0 

0 

1)2 using 1C 


C- 4),o 


=> 



1 0 

1 1 

+ 


* 


+ 





(-6), 0 


=> 



1 0 

0 1 


carry 





□0 


H°),o 


1 

1 



0 1 

0 0 

# 



1 

— 

— 

— 

- 


0 10 1 

Here rules (i) and (ii) will not work as both the numbers given are negative . The final answer we 
to complement to get in true form. 

(-10), o = (0 1 0 1) 2 perform l's complement 

i i i i complement 

(+ W ), 0 =00 1 0) 2 

Even though carry generated wc have to complement the final answer. 
ft is essential that we have to inform hardware that both the numbers are negative 
Ess. 17, l H and 19 contains three typical cases : 

(i) Positive number and smaller negative number. 

Hi) Positive number and larger negative number. 


have 
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(••i) Two negative number. 

Now wc arc going to sec case (iv) that is of equal and opposite number. 

Ex. 20 : Perform (6) 10 - (6) 10 using I's complement method 
s Oln. : (6) J0 = (() l i ( )) 2 
<"<»), 0 = (1 0 0 l ) 2 

( 6) 10 => 0 110 


(-6) io 

cany 



i 


10 0 1 


1111 



1111 


Cam 7 not generated, therefore answer is in l's complement form. 

••• (- 0 ) IO = (111 1) 2 
(+()), 0 = (0 0 0 0) 2 

Basically (1 1 1 1) 2 is also correct as in l's complement (- 0) lo = (111 1) 2 - 


2.5.2 Binary Subtraction using 2's Complement Method : 

Rules i (i) Minuend is added to two's complement of subtrahend. 

(ii) If cany is generated, result is positive and in its true form. 

(iii) If no cam' is generated, result is negative and is in its two’s complement lortn 

(iv) Carry' is always discarded. 

I Note : Concluding that answer is in true or 2C form can be done, by observing sign bit 

I Here also we will study four cases : 

I (i ) Positive number and smaller negative number. 

| (ii) Positive number and larger negative number. 

I (iii) Two negative numbers. 

(iv) Equal and opposite numbers. 

Ex. 21 : Perform (6) 10 -T^io usin 9 Zs complement method. 

Soln. : (+ 6) 10 - (4) 10 = (+ 6)io + (- 4 )jq- 

(+ 6) w = (011 0) 2 , (+ 4) l0 = (010 0) 2 

For finding 2’s complement of (4), 0 to get (- 4) 10 
l's complement of (4) | 0 =>101 1 

+ 1+1 
2's complement of (4)j 0 110 0 (— ^)io 
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* 



Soln. c (+ 4)j 0 - (♦■ 6)|(, m ( 4)j 0 + (- 6)| 0 
(+4), 0 »(OIOO) 2 ,(+6) |0 »(OI10) 2 


I's complement of (6), 0 

I + 

10 0 1 

1 

2's complement of (6) 10 

1 0 1 0 

(+4>io => 

0 I 0‘ 0 

+ + 


(- d), 0 => 

1 0 1 0 

Cany o 

y - 


carry not generated 

1110 


\ 


=> (r 6),o 


=> answer 


T sign bit 


and 


As carry 0, answer is in 2 's complement form therefore to get final answer, complement (111 0)-, 4 

add T. 2 \ 


1's complement of(lII 0 ) 2 
+ I 


0 0 
+ 


0 


I 


0 


0 


2's complement of (11 10 ) 

So answer is verified. 

(4) jo +(-6) io = (-2) io = (I110) 2C 

:x. 23 : Perform (-J - (6) 10 using 2C method. 

• oln .: (-4) 1o -(6) io -(-4) 10 + (-'«) io 

( + “•),(,.= (0 1 0 0) 2 (+ 6)j 0 = (0 1 I 0) 2 

4 ^C = (1 I •> 0) 2 c (- 6) 2 c = (I 0 I 0) 2C 

(■ 4 )|0 => 

+ (- 6)10 => 

cany [7] 


0 


( + 2)io 



loti 

r 1 o o ^ OO 

10 10 


oiio 


Actually our answer should be (- 10) 10 , (- io )|0 doesn't fit within 4 bits. Therefore we have to swi 

Lr/la, 


switch 


(+ 4), 0 = (0 0 1 0 0) 2 (+ 6) l0 = (0 0 11 0) 2 

(~ 4 hc = (I 1 1 0 0) 2 (- 6) 2C = (110 1 0) 2 
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“" y -10 0 
Discard cany 


I 0 I I Q 

T 

As ' » &Iru 

»re aware with the fact that last bit in 2C code represents sign. I - Negativo, 0 - IHulttvc 


(1 0 1 [ 0) 2 CJ t rr > pc nc rated, but as sign bit " l. we have to find out 2'» complement of 


l's complement of (101 10) 2 


0 10 0 1 



1 

+ l 

2's 

complement of ( 101 10 ) 2 

0 10 1 0 

T 

positive 

Ex. 24 

: Perform (+ 6) - (+ 6) 10 using 2C. 

Soln. : 

( + 6)| 0 — (+ 6) 10 — (+ 6), 0 

+ ( _6 )to 


(+ 6) 10 = (011 0) 2 



(- 6) 10 = (101 0) 2C 



( + => 

0 110 

+ 


+ 


(- 6) 10 =* 

10 10 


cany -> Q] 

□0 


0 0 0 0 

Discard cany. Therefore answer = (0 0 0 0) 2 = (0) 10 


The result is obvious + 0 as expected 
| Nr j- . \A/hiip performing 1C or 2C, both, numbers have 


to have same number of bitsT\ 


- 

*. 


2 ff Binar y Multiplication^ 

• a comr manner as the multiplication of decimal numbers. The 
1* -#«!- ‘ *! IZSTJi «« so. we are always multiplying » * o, 


process "is simple, since multiplier*^ am always 


rules. 
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jje following caW - 



and 


-a,- b > +a ' jxBi 

+ A.xB, +AjXB! - . xB , 

+ A ,xB 3 + A, X B; «0 

+ A 0 XB 3 
Fig. 2.1 

( 1 ) x is normally taken as ’0*. aH H.tion refer Table 2.1. and take ' 

,2, The Fig. 2.1 shows. Mr addilic, while pe-(=m»hg ® ddrtron _J 

’carry’ into account 


1 x 1 


1x0 

Oxt 



1 

0 

0 

1 








1 

0 

1 

1 








1 x 1 

Oxl 

Ox 1 

1 x l 

=0 


1 

0 

0 

1 

1 X 1 

Oxl 

Oxl 

1 x 1 

X 


1 

0 

0 

1 

X 

0x0 

0x0 

1x0 

X 

X 

=> 

0 0 

0 

0 

X 

X 

Oxl 

1 x l 

X 

X 

X 


1 o 1 

X 

X 

X 

X 





cany 

-> 

00 











1 1 0 

0 

0 

1 

1 


(9) w x(ll),o = (99), 0 =>(llOOOll) 1 . 


Ex. 26 : Perform (10110) 2 x (101)j. 

Sol n. : (10ll0) 2 - (22), 0 (IOI)j = (5) 10 . 


. IQ j I ' 


■ ‘ * k 1 ' 
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The answer is going to remain same, even though you add zeros. 

Ex. 27 : Perform (11001) 2 x (110) 2 . 

Soln. : 

110 0 1 

X 1 1 0 

0 0 0 0 0 

1 1 0 0 1 x 

1 1 o 0 1 x X 

B B- 

10 0 10 110 
/. Ans. : (100101 10) 2 . 


Ex. 28 : Perform (11010 . 101) x (10010 . 1). 


Soln. : In this example, fractional part is also involved. Still procedure is going to remain same. After 
getting multiplied and added you calculate position of fractional point in both the numbers and as you do 
in decimal system, you put dot in the final answer. 


0 

I 1 


1 1 



1 1 

x 1 0 

1 1 

0 0 0 

1 0 1 

0 0 0 

0 0 0 

0 1 0 

888 

0 1 1 
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0 1 0 1 0 1 =* 26.625 

0 10 1 x 18.5 

0 1 0 1 0 1 =* 492.5625 

0 0 0 0 0 X 

0 1 0 1 X X 

0 0 0 X X X 

0 0 X X X X 

1 X X X X X 

B B 

0 0 1 0 0 1 


? n 


In l * "• 


|«if ify / ^ , * 

, bn *tu t tr* *»•*•■* 1 t"*" 

M* 1 1 


\jr 


L“jt^«l fit IM i* 1 *** 

|..hc n ".—*«»• |U,C ■* (,* 

Therefore total ’ ' 1 * 4 * cr ukuM* 4 ’ " 

Awucf * (I * " * u '•* 


4 bin 

Em. 29 : < 101 01) J ' <1Q1 1); 

Soln. : 

I « 1 


o 


o 


I 

0 


I 

0 

0 


0 


0 


I 

1 

0 

0 


0 

I 

0 

0 


0 

I 

(I 

0 

0 


0 

I 

0 

I 

X 

X 


0 0 0 0 0 


I* 


I) 


(I 


I 

X 

X 

X 


( | unr w. 1 KU,i ’> 


> ( I II I »l I *' '» 1 • > 


2.7 Binary Division : 

The process lot dividiii)', one biairv number (dividend) bv a not he r (disivor) iv ' “in. .i tl* “ u ' 
hi dccini.il number .svvitin The mclhod implcmcnlcd is yubtrutl the divlior from dniJcml II n » Ixtirow 
is generated vcl quoiic nt to lo^ic T else lo logic W 
Let's sec mimic examples 

Em. 30 : Perform (1111)2 * (10) 2 
Solo.; ( 1 1 1 1 ) 2 • (I5) l0 
<l«) 2 -(2), 0 

lo ) I I I 1(1 I I -* Quotient 
I • 

L i_ ’ 

o i i * 


o i i 
I o 

0 I Remainder 

QuoticiK 35 (II l) 2 * (7)|o 
Remainder • (01 ) 2 * (I ) 2 . 


Ex. 31 : Perform (30) 10 ♦ (3) I0 
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Oj giteL 


Soln. : (30) 10 (111 10) 2 , (3) J0 = (qooi 1) 

M) 1 1 ! | 

^ I added zero 


2-23 



0 0 l 


0 0 l ! 

1 1 


I Here 00 1 is less than 11 \\ 

! WC haVC t0 ***** one more bit down and put 'O' in quotient 
• • we get 


0 0 0 Finally, last 'O' in dividend that we put in Quotient (shown by dotted 

line). 

Quotient = (1 0 1 0) 2 
Remainder = (0 0 0 0) 2 


(Dec. 99, 2 Marks) 


Ex. 32> Perform 1101001 + 101. 

Soln. : (l 101001) 2 = (105) 10 ( 10 1) 2 = (5) 10 

N .-. 101)1101001(10101 
. O - 1 0 1 

If we bring only 1 bit down we get 0011 
which is less than 101. we take two bit 
and add 'O’ in quotient. 


s? \ 


0 


0 

00110 


V , v 

\ \ ^ 


10 1 »•*»• v ^ — 

0 0 10 1 here again we take two bits down and 

10 1 add 'O' in Quotient. 


0 0 0 

... Quotient = (10101) 2 , Remainder = (00000) 2 . 

Ex. 33 : Perform (9) 10 + (3) 10 . 

Solfl. : (9)| 0 = (lOOl)j, (3)|0 = o 011 - 

1 1 ) 1 0 ^0 ! ( 1 


J vLa± 



1 ^ Here we 


0 0 1 1 than 'll 

- 1 1 


1 

we have two bits '10' in dividend and '10' is smaller 
•1 r i.e. divisor therefore we take 3 bits of dividend. 


Quotient = 0 O 2 = @)io 
Remainder = ( 0) 2 * (^)io- 


0 0 


v 
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o u 


l 

o 


0 

I 


0 

1 




o 0 


I 

0 


0 

1 


<1 0101), M2 1 )„ 
Remainder - (010) 2 « (2),,, 


Quoocm 
fUnetnl 

Ex. 36 : Perform 


, Remainder 


Sotn . : (to) 

1 o 


(10, 10 W4) 10 

>i« “ (loioj, . (4) l# = (oiw) 2 

) I 0 ! 0 

- I 0 


o 


0 


0 0 I o- 


( I 

. U 'Km' Therefore same as in decimal 
-Here to* is less than HW Thereiore 1(y j c 

number uc have to imagine fraction point and 


10 0) 1010. o ( 1 o I 

- i o o i 4 

0 0 I 0 0 

I 0 0 

0 0 *0 

Nw, here remainder - (0(¥ Ml), = (0), 0 . 

About quotient uc have (101), but how to put fractional point The concept is same as that of 

decimal. Presently in dividend we have one bit after fraction point. 

(Quotient » (I0.l) 2 * (2 5) l0 
(JO),,, + <*),<, c (2 V, 0 


Ex. 36 
8otn . ; 


Perform 1101001 101 ♦ 101 


I 0 I 


) I 

- I 


I 

0 


0 

I 


10 0 1.10 1(10 1 


0 I 

♦ 

/ 


0 0 I 
I 


I 

0 


I I 


0 tz'r 

1 i i 


1 

1 

i 

1 

1 

i 

>- 

1 

T 


1 

i 

i 

1 

i 

i 

1 

i 

i 


0 0 


I 0 
I 0 


00 0 


/. Quotient * ( 10101 . 001 ) 2 
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T-f-f 

i t • 

♦ t t 


i o i 
1 0 1 


0 0 0 


0 0 \ 


(June 99, 2 Murks) 



2.0.1 Addition : 

iRui 


•■■■wyr 


^•tem : 


'"'-'j ^rnhnvrtic 


: Since the ha»e of the nunib^ r 

7 « Carr, u ^ J—~~ ~~~ - _ _ 

Let s lake one example, -i-gnjajjyn^ - ™ ud li P»rtial turn exceeds ’8’ 


Add (6)„ and (7) g . 

( 6 ), 

* (7)g 

(l 3 )io 

(13), o - (8), 0 = 5 with cany * | 

.*• (6) h 
+ (7)« 

cany [T] 

5 Answer » (15) g . 

Ex. 37 : Perform (624) e ♦ (154) 8 ~ ” 

Join. : 

624 

+ 

1 5 4 

^ 0 0 0 


(i 


0 


0 0)g 


(624) 8 + (154) 8 * (1000) 8 


cam 


lIN 



4 

4 


8-8 


0 


38 ; Perform (523) 8 ♦ (167) e . 
n. : 

5 2 3 

+ 

1 6 7 

B B 

7 1 2 


= A iini/nf 
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5 : 3 


+ 



ttin*ry 


r r'O 


„hmo Nltuplor Itwlhotl. 


If you coo dn l ,wW *"' MHflv dwlowl . 

Cl) 0.M *«• by i«foffh* J i - n ^ r ' 

(;> ('uoummMmIvu IomI oui 

,1 J 


M- 

7 

II 


C , )|0 

a 


(!»),« 

a 


7 1 

I 1 

I carry i 

7 

(.12.1), » (I67)„ - (712),. 

1 r 

i 

, cony || 

2 

Cx. .19 : Add (7J7) n with 


Solti. : 


7 2 

7 

♦ 

2 3 

1 


> decimal 

> octal number 

> t'iiuil answer 


on iv 




> Decimal 


i 


i 

6 


(I Dio 

a 

3 

4 

i k> (H63)„ 


(727), f (2.1*1) * ( I )63)g. 

TJicro In one more method in voiU>* your nnswcr. The method is 
(!) Convert into / to its equivalent hhiory. 

(2) Perform hhiory ailiiition (Refer Tohle 2. t for the same), 
f fJt) If you mint unsmrr hack in mint, ivnvert binary to octal, 
id's see some examples tluif wo have solved Juit now, 

0) H h Mi 


(«), 

1# 

(1 1 0); 



4* 


(7), 


(i i i) 


H 


i 

: 


I 

i 

(i), 


10 1 
Lm»h . 

<»\ 


binary 


In. i t\W. 
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Binary Arithmetic 


-P’9*ai 


(“> ( 024 ), +■ ( 154 ), 


(624t, =* 

1 1 0 

0 1 0 

1 00 


(154), 

0 0 1 

1 0 1 

1 00 


0 

000 

000 


Cany 

l t j 

|0 0 0, 

0 

t 0 0 0, 

0 

1 OOOj 

0 

=> binary 
-4 octal 

Ahs. : (1000),. 

(in) (523), + (167), 





(«3), =* 

+ + 

1 0 1 

0 1 0 

0 1 1 


(167), 

0 0 1 

1 1 0 

1 1 1 


cany 

00 

0 0 

00 



Ll 1 Ij 

lO 0 1, 

L0..._ 1 Oj 

— > binary 


II 

II 

II 



(7). 


(2), 


Ans. : (712),. 

(h) (727), + (234), 





(727), =* 

1 1 1 

0 1 0 

1 1 1 


+ + 





(234), 

0 1 0 

0 1 1 

1 0 0 


cany jj] 

0 

000 



1 

lO 0 ll 

lLL<!i 

i° ! Ii 

-4 Binary 

X 

II 

II 



1 

1 

6 

3 

-4 Octal 


Ans. : (1 163)„. 

2.8.2 Subtraction : 

Now we are going to perform octal subtraction. 

(i) By direct method. 

(ii) By converting octal to binary and then performing subtraction and then back converting answer 
from binary to octal. 


(i) By Direct Method : 

— * 

Rule : If the Minuend is less than subtrahend, we borrow 8 and cam T. 


Say for an example, perform (751) 8 - (273) K 



> borrow 

Mio 


cany 


4 
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5 


6 


Di 


2-26 


P 1 • While performing l - 3 we found T it smaller, therefore we added 
previous digit. At the tame time we added cany 'I* in next digit o 
7 + 1 » 8 . 

Now, (8 ♦ l) - 3 » 9 _ 3 „ 6 . 5 is less than 

Step II . Now we have to perform S - (7 + I) where I is carry. Again wc foU J^ ( „ ne we added 
re forc wc borrowed 8 from next digit so wc got (8 + 5) = 13. At t 
cany I' in next digit of subtracted i.e. 2. Therefore we got (2 + 1) = 3- 
f Finally, we performed (8 + 5) - (7 + 1) - (13) - (8) * 5 

S tep ni : Finally we have m p erform 7 - (2 + 1) = 7 - O) = 4 
A**. : - (436),. 

Ex. 40 : Perform (653) 8 - (77) e 

Soln. ; 


6 

0 


0J 


0 

5 

7 

0 




13 


8 


0 ' 

3 

7 


. borrow 


II 


Aits, : (334),. 


E*. 41 : Perform (5531) 8 - (3261), * (?), 

Soln. : 


5 

1 


5 

2 ~ 1 

0j 


0 
3 . 
6 


■ borrow 


(11) 


3 


c;utv 


0 


An*. - (2250),. 

Ui) Dy converting ocial lo binary Wc will take same examples to cross check answer 
00 

OH), 


(27V, 


=> 

=> 


1 I 1 


1 0 1 


0 0 1 


Aim. : *(456), 


010 II, „ , , 

lL| 1) tl — ® — b Li 1 0| 


(bom 

-»bina 
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-~±3C» 




~r.h'n 


1 1 • 10 1 011 


J 1 J 111 

J ± -1 -I -1 -1 


'bantm > 


1 1 0 1 1 0 0, 


= 554 


IM-], 


* ® 1 101 011 001 


( 5261 ^ 


® 1 i _2_ i_o^ 110 ooi 

-i -i -l 




Ak = 22 v i| 


. 1 : 1 0 1 0 1 

2 2 5 0 


> boon 

-* cvul 


can a ^-! he .? r ^ kM? CCI * CTSK ' n * e,k>d ® P«farai sdtxncaoa s ecu] W, 

^ 1 5 co ^** - < i ad 2s corapkoeoi (20 method for sobtaoK n 

^ ^ 4 to Iirad me%jtv*£ number in octal 


2.8.3 r* Complement to Represent Negative Octal Number : 


Lets lake auUxr 1 5 4 io rrprtsen in 1 s compiemci* lS? firs? method is to subtract 
umber * J* This » l„ directly gj \ ; iou I s ccrr.pfcrricni 
I s complement of (5 1, = (7j, - (5 » t = <2 i f 

2" a method ts ver> simple 


am pnen octal 


fa.' Cct. en gn rn octal to b**ur> 
fbj Complement birciry number 
(c) Com err binary to octal 

=5 <1 0 


* Step (a) 

Comptemenf* Step fb) 


Oi > -* Step (c) 

Therefore answer from l 52 and 2* method both is matching Let's perform aB pr^x-ss nieces 
I ‘s complement method I am going to prefer method I of finding l*s complement beaux \ ca ice i*rejc* 
aware with 2 s * method 


(i) Perform (751), - (273), 

Soln. : (75)), - (273), = (751), ♦ (-273), 
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2 7 3 
(5 0 4), 


— » l's complement of (273), 


(751), 
(- 273, , 


cam' 

end around 

carry 

An*. = (456), 


7 5 1 


3 0 4 

(12) I0 (5) l0 (5) l0 -> decimal 

ill 

I 4 5 5 

l _ ^ ^ 

4 5 6~ 


(h) Perform (653) B - ( 77) 8 

Soln. : 


l’s complement of (77), = 777 


(65.3),, - (077), 

+ 

= (653), + (- 

6 

7 

077), 

5 

0 

3 

0 

0 7 7 

7 0 0 


W, o 

(5),o 

(5),o 

* decimal 


U 

0 

U 



(15), 

(5), 

OVi 

-4 octal 

aim 

•» - 

- — — — - 

►1 



5 

3 

4 

An*. ■ ( 


(in) (5531), - (3261), 

Soln.: (5531), >► (-.1261), 

(- 326 1 ), ss 7 7 7 7 

- 3 2 6 1 

4 5 16 ■=> I's complement of (3261 ), 


-f 

5 

4 

5 

5 

1 

1 

1 

6 


<% 

(10), o 

< 4 >,o 


+ 






(*0),o 


( 4 ), 

0), 



« 

a 

J 

cam 

I 2 

2 

4 

7 

* 


I 
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-4 octal 

-> octal 
-4 decimal 



DigM, 


2-31 


Binary Al*hm*Uc 



2 2 

, Jt 


: i &m 


-* end around cam 
decimal 


: 


■* ft 1 1 0)» (cany generated from LSI) ts taken to tie vt digit) 

T 



<2 2 


cany 

0), T5 Answer. 




2.8.4 2 s Complement to Represent Negative Octal Numbor : 

2 s complement is nothing but I's complement plus I To achieve this we have two methods 


First : 


(1) Subtract number from 7 7 7 (The numbers of digit 7 depends upon no of digits of* 

number) Say 4 digits, we have 7777. This is done to achieve I's complement 

(2) Add I to I's complemented number You will ret code 


Second 


(1) Convert octal number to binary 

(2) Perform I's complement on binary number 

(3) Add I to it 

(4) Convert binary' to octal 


Example : To represent (723) a in 2's complement form 

Soln. : Method I : 

(i) We have 3 digits, therefore subtract from 777. 

7 7 7 

- 7 2 3 

s 4 -> I's complement of (723), 


() 


I’s complement of (7 23), 

l 


0 


4 


+ 

=> 


2 *s complement of (7 23), 


0 


=> (- 723), in 2C code 


Method 2 : 

(723), -(111 010 Oil), 

I's complement of (723) s - (000 101 100) 2 

I’C of (723), => 


0 0 0 1 0 1 1 0 0 


1 


l 


2'C of (723) g 


Now we arc going to perform subtraction using 
examples for the same. 


000 101 101 

d l U 

0 5 5 

2‘s complement method. We arc going to see some 


-> binary (-723) 
-4 (- 723), 
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I 


Digital 


o , er f°rni (751 ) g - (273) a using 2's complement method. 

Soln. : (751), - (273), = (75!), + ( - 273 ), 

Now represent (273), in 2’s complement form to get (- 273), 


1C of (273), 


7 7 7 
2 7 3 

5 0 4 


1C of (273), 

1 

2 C of (273), 


+ 


5 0 4 

/ 273)* in 

5 0 5 =* ( 1 H 


(751), 


7 5 1 

+ 

+ 


(- 273), 


5 0 5 

cany 


14 5 6 


T 

Ignore 

carry 

Ex. 43 : Perform (653) 8 - (77) s in 2C method. 
So/n. : (653), - (77), = (653), + (- 77), 

1C of (077), 


octal directly 
Ans. = (^56), 


7 7 7 
0 7 7 

7 0 0 


+ 


+ 


I *C of (077), 

1 

2'C of (077), 

(653), =5 

- (077), =* 

cany 


7 0 () 

1 


7 0 1 

6 5 3 

7 0 1 


5 5 4 


(ignore it) 
An.s. = (554),. 


Ex. 44 Perform (5531) s - (3261) 8 . 

Soln. : (5531), -(3261), = (5531), + (-3261),. 

1C of (3261), = 7 7 7 7 

3 2 6 1 


4 5 16 


1C of (3261), 

1 

2'C of (3261)7 


=> 

+ 


4 5 16 
1 


(_ 77), in 2C 


4 5 17 => 2C of (326l) g 
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2-33 


Bin ary A rithmetic 


< 3 ??lt, 

(- 326 h, 

A»v = (2230), 


/■dll. 

Ignore llus 
cam 


5 5 3 1 
4 5 17 

BJIL 


» cam 


2 2 5 0 


sr-pe SwCt^acbon 1 s complement and 2 s complement examples taxen are identical aoi 
T^at y?.. can compare three methods 


2.8.5 Multiplication : 

V:i» »c are going to learn multiplication in octal system If you directly multiply octal number it 
bocotnss bn complicated therefore normal procedure followed is as follow s : 

Step I : 

Cornett octal to binary (both, multipber and multiplication) 

Step U : Perform simple binary multiplication (Refer Tabic 2.6). 

Step fll : After performing multiplication, whatever answer you get in binary, convert it to equivalent 
octal 

Let s see some examples for the same. 


Ex. 45 : Perform (l2:- g x (7^ 

Soln. : 

Step I : Conv ert both octal number to binary 

( 12 ), * (0 0 1 0 1 0 )= (1 0 1 0) 2 

( 7 ), *(1 1 1)2 = 0 1 1) 2 
Step II : Perform binary multiplication : 


0 

l 


3 


0 


1 

n 

0 


1 

0 

1 


0 

l 

0 


1 

0 

X 


0 

1 

0 

X 

X 


1 

L-J 

1 


0 


0 


L 


0 

J 


0 


0 


Binary 

♦ ( 106 ), 


To cross check .... 

( 12 ), x ("), = (1 x *' + 2 x g") x l 7 * *"1 = (10) lo x (7)|o ( 70 > 



Slept: Cornell given octal to binary 
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1 0 
B A 

(C) 

+ 

+ 

+ 




1 

0 

1 

0 

* 

0 

0 
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Step a : 


2-35 


Brant Ant*~me»c 


1 

0 


0 

0 o 
0 o 
0 o 


1 

0 

0 

0 

1 


0 

0 

0 

0 


E 0 


0 

0 


1 

0 

0 

0 

0 

0 

1 


0 

0 

0 

0 

0 

0 

1 

0 


0 0 


0 0 
0 0 


1 0 


0 0 
0 0 


0 

X 


X 

X 


1 

0^ 

1 

0 

l 

0 

X 

X 

X 


0 

J_ 

0 

0 

0 

X 

X 

X 

X 


1 
0^ 

1 

0 

X 

X 

X 

X 

X 


0 

J_ 

0 

X 

X 

X 

X 

X 

X 


□ 


1 1 0 1 1 0 0 
Step III : Conv ert binary to octal. 

(I 


1 1 1 


0 0 


1 0 


binarv 


L_J 


1 


0 


1 


1 


0 


0 


J L 


J L 


o 


0 


1), —►binary 
1 \ 


u 

4 


(1 5 

Ans. = (1547.1) g 

To verify convert (42.4) g and (31.2) g in decimal 


U 

7 


It 

V 


1 ), octal 


(42.4), = (34.5) I0 , (3 1.2), = (25.25) 


10 


(34.5) 10 x(25.25) 10 = (871.25) 


10 


Now convert (1547.1) g to decimal you will get (871.25), 0 . 


2.8.6 Division : 

For division in octal system, we follow the same steps i.e 


Step I : Convert octal to binary. 

Step II : Perform binary division. 

Step IH : Convert given binary quotient and remainder to octal. 


2.9 Arithmetic in Hexadecimal Number System : 


2.9.1 Addition : 


Rute . Since the base of the hex number system is 16, a carry (or logic 1 ) is carried forw ard if the p 
sum f .x c c-d * 16 and the requited digit of partial sum = Partial sum - 16. Steps perforate 

adding hex numbers is. 


Step I : Convert EACH hex digit to equivalent decimal. 

Step II : Add the two numbers, 
ste p III : Convert it (answer) to equivalen t hex number and adjust car 

For example, add (A)|$ and (9 )jq 

anned by CamScanner 



W«l 


A 

9 


OR 


Perform U9)io 


A 
+ 9 

cany [j] 

1 3 •*. Ans. : = (13) 

Take one more example of two digits 
Add (C2 ) h and (3E)„ 

C2 -> 02), o 

3 ^ —* O), 0 


(>«),0 

(9>io 

(» 9) l0 — > 

io * 3 -> partial sum 
<”», o 31 I 3 

t T 

carry partial sum 


Directly you can 


find that (19), o* (,3) »‘ 


16 


(2),o 

(I4) 10 


1 


Convert each Irrc digit to equivalent 
dec trail 


05) 


to 


We have. 


05), o 06) 

O6) 10 

il 

16 - 16 * 0 with cany (1) 


to 


05), o 
1 


(16) 


to 


0 

r 

cam' 


O 6). 0 

<1 

(0) 16 


«»I6 


Total answer is (100) I6 . These all steps are represented in only ONE step 


c 

2 

=> 

02)|0 

O)|o 



+ 



3 

E 

=> 

Oho 



cany 



Ans. : = (100) 16 = 100 H 


1 

4 

(1 


( 16) 10 - ( 16), 0 - 0 ( 16), 0 - ( 16), 0 - 0 


i 

0 


4 

o 


: One should subtract (16) 10 if and only if total sum is equal or greater than ( 16 ) 


10 
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* 4f 


A,t * h 

* # "urnbrnri 

,DDCC '..*m8 STT'i*- 


®Oln. ; 

(•) 


(M “ ^i*cao. 




Oirry 


Oi) 


(III) 


I f: I 

C*A‘> 

c.im 


< 7 >i* 


D D c C 


" « A A 

JU_ 


An*. 


(I 


A 3 


2 C 
cam 


Ans • (DI), a 




(IV) 


lo 


<">10 
; 1 ! 


(1997ft) 


16 


OK 


(im,„ 

( I2) J0 

0 - 


U 


28 - 16 ■ ( 12), 0 
11 
C 


An*. : * (1 C 8 A)| 6 




Binary Ar*hm«*ic 


(H) 


10 


(II) 


10 


( 12), 0 

( 10 ) 


lo 


>1 


«»» 

<"»lo 




4 

9 


7 


i 

(7) 





( 14 ) 


to 


(Id) 


10 


0),„ 

( 9 >10 


24 - 16 * (H) 


10 


(10) 


lo 


in 

v 


8 


A 


mul 


ruW 


ai 


k' 


1- 

it 


49 ; Perform following additions ; 


0) 

(DA0A) 14 *(BA8A) is 

(I) 

FA7H ♦ 1FDH 

(HI) 

DOCCH * 1234H 

(IV) 

5678H ♦ 4456H 
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~yja»tai_ 

Soin. ; 

(0 


D A D a 

baba 


A ns. : (19594) 16 

(ii) 

F A 7 

+ 

1 F D 


(Hi) 


Ans. = (1 1 A4 ) Kj 
D D C C 

12 3 4 


Ans. = (F000) 


16 


(iv) 


0 


i 

i 


0 


2-38 


Binary. 


Arithmetic 


5 

4 


< 9 >.o 

i 

9 


(13), o 

(10), o 

(13) 10 

(10), o 

(1 1)|0 
□ 

(10),o 

□ 

(ID, 0 

(10), o 

20 -16 = 4 

4 

4 

25 - 16 = 9 

i 

9 

21 - 16 = 5 

4 

5 

25 -16 = 9 

4 

9 

(15) l0 

(10), o 

(7) ,0 


0>,o 

(15) 10 

03), o 


0 

0 


- cam 

17- 16= 1 

26 - 16 = 10 

20 -16 = 4 


4 


4 


I 

A 

4 


(13) 10 

03), o 

02) lo 

( ^ ^)io 

0),c 

O) 10 

< 3 >,o 

(4), 0 

0 

0 

0 


(15) l0 

16 -16 = 0 

16-16 = 0 

16 - 16 = 0 


4 

F 


4 

0 


1 

0 


I 

0 


6 

4 


7 

5 


i 

A 


( 12) ]0 

i 

C 


I 

E 


Ans. * (9ACE) J6 . 

nc more method is there to perform hex addition The steps are as explained follows : 
i Convert hex to binary . 
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-Digital 


Si) Convlrt* add,Uon ( Refer Tabic 1) 


Binary Arithmetic 


(iii) Convert fiT add,Uon (Refer Tabic 

We will see answer ,n binai T to hex. 

(i) Jiff*' 0 exam Ples for the same. 


rithmet; 


(i\ a W ^Aainp 

(l) Add (A) 16 and (8) 


(10 1 0) 3 


(1 0 0 0 ), 


0 0 10 
2 


00 Perform C2H + 3EH. 

+ So 1 1 0 0 0 0 1 

3EH -» 0 0 11111 

a 0 0 m m m 0 


— > binary 

1 2 H is the answer 


|lj |0 0 0 0i |0 0 0 

1 0 0 — 


binary 

hex 


2.9.2 Subtraction : 


Now wc are going to study subtraction in hex numbers. Wc arc going to study three method of 
subtraction. 

(i) Direct subtraction. 

(ii) 1 C method for subtraction. 

(iii) 2C method for subtraction. 

(i) Direct Subtraction : 

Rule : If the minuend is less than subtrahend, wc borrow 16 and take cam T. (Reference : See 'octal! 

subtraction', the difference is in octal we borrow '8'. in hex wc borrow 1 6). j 

Wc w ill sec one examples for the same. 


(a) Perform (A) l6 - (8) 16 


Ans. : = (2)j 6 
(b) Perform 73 H - ICH 


(73 H) 


Borrow 


. Operand 1 


(ICH) 


‘ ( 1)| 0 

(2),o 

_ J!k l 

(7)jo“(2)io = 5 

i 


Operand 2 


Canv 


(19 -12) = 7 

i 

7 


Ann. : = 57 H 
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ic) Perform ( A65 ) H - ( 777) 


-Digital 


— 

— — — ■ ■— 

% 


2-41 


Binary Arithmetic 

Operand 1 

1 

s 

U> 

© 

i 

1 

1 

1 

0 0 1 


< IC >.0 -4 (0 

0 

0 

□ 

□ 

1 I 0 

0 

»>! -> 

* > 

Operand 2 

borrow 

1 0 

I 

0 

-Jj 

,« 1 1 

1 1 -> 

binary answer 



11 


" 11" 

1 

Ans. = (57) |6 


5 


7 


liex 

(c) Perfonn (A65), 6 
(A6 5) 10 

- <777) |t 

(1 0 I 

0 

0 110 

0 1 0 1) : 

—» Operand 1 

( 77 7 >i6 -4 

(» 1 1 1 

□ □ □□ 

0 111 

im ED EH GH 

o 1 1 1), 

00 

— > Operand 2 


j0_ 

0 1 

_®l 

,1 1 l_0, 

li 1 1 0. 

— * binary answer 



11 


11 

11 

Ans. = (2EF,) ift 


2 


E 

E 

-4 llCX 


2.9.3 One's Complement Method for Subtraction in Hex Numbers : 

Under this section we are going to perforin subtraction of hex number using 1C code 1C code is used 

to represent negative numbers. Here you may ask how to find 1C of hex number 1 tiavc described two 
methods 

Method I : Subtract the number, whose 1C code we want to find out, from FF FFH Numbers of 

FFF digits depends upon numbers of digits of hex number 

Say for tin example 

Find 1C code for 123H 

In 123H we have 3 digits 

Therefore we have to perform following operation : 

F F F -* (15), |) (I5) 10 (15)| 0 

12 3 — > 0)io (2),o (3),o 

(14),o (13), o (12), 0 

III 

E D C 
(- 123)| 6 in 1C code is (EDC) 16 . 

Irthnd II ! In 2 n< ^ method VOII have to nerfnrm following Cenc • 
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(b) Perform (73) J6 - (1C) 16 using IC method, 
ioln. : (73), 6 - (IC), 6 = (73) 16 + (- 1C) 16 

1C off IC) 16 => F F 
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End around cany | 


21 - 16 = 5 ( 6) l0 


(O Perform (A 6 J) H - (777) H us.ng 1 C method 

Solo. : (A65, (777,, 6 - (A65)l6 + ( . 777) 

1 C «f<”7 ) 16 FF F - 

U5 ) 10 

< 5 >io (7 ), 0 => (57 ) 16 

05), o 05 ), 0 

7 7 7 

-4 

< 7 >io 

fflio 

( 7 )|0 



( 8 ),o 

( 8), 0 

( 8 ),o 



4 

4 

4 

(- 777 )| 6 in 1C = ( 888 ), 6 . 


8 

8 

8 -♦ hex 

A 6 5 -» A 6 5 -* 

+ + 


00), 0 

(6),o 

(5)io 

(- 77 7) -> 888 -> 


( 8 ),o 

( 8)10 

(*>10 

cany -4 

$ 





18 

| 

- 16 = ( 2 ) 

to <»>!„ 

(H)io 



— * — — 

' — 

•"(Dio 



U),o 

4 

04), „ 
l 

04), 0 

l 



2 

E 

E — > hex 

An*. : = (2EE ) 16 





(d) Perform (2C48) 16 - (9AA ), 6 using 1C method. 




Soln. : (2C48) |6 - (9AA ) 16 = (2C48), 6 + (- 

9AA ), 6 




Here, (2C48) 16 is four digit where 9AA 

is 3 digit, so make (9AA), 6 , four digit by inserting extra 'O’, 

therefore number is (09AA) 16 . 





Here we have to find complement (1C) of (09AA) 10 




1C of (09AA) lo -> F F F F -> 

0 % 

(15)io 

05), o 

(15 ), 0 

0 9 A A -4 

( 0 )to 

W.o 

(» 0 )to 

(lH)io 


05),o 

( 6 ),o 

(5 ), 0 

^)io 


4 

4 

4 

4 


F 

6 

5 

5 -4 hex 


(- 9AA), 6 in 1C code * (F655), 6 


Scanned by CamScanner 


t- C 4 8) 

(-0 9 A A) 


2-44 


B.nary Ar.thmet.c 



2 C 4 8 -♦ 

(2)io 

(12)., > 

<4)„, 

(^)|0 


I * 6 5 5 -> 

05) 10 

(6) io 

<5)„, 

(5),o 

Carry — » 

0 

0 




\ 18 

-16 = 2 

18-16 = 2 

(9),<> 

( • 3)|» 

. — -►(!) 

l^ ,,u »4i oii iici carry 1- b w_ 

2 

2 

(9),o 

(14)l0 

1 


Ans. = (229E) I6 


hex 


1 

2 


1 

2 


Perfornied inTh 1P,eS haVe d,rectlv worked on hex number. There is one more method. The steps to be 
rgggggd jiuh e method are as fo\\ ows . 


Step I 
Step II 
Step m 
Step IV 


Convert hex to binary. (Convert both the given number). 

F,nd out 1C of negative number, (i.e. 1C of operand 2) 

Add operand 1 (and 1C of operand 2. Adjust end around cany). 

Now whatever the binary answer is there, you convert it to its equivalent hex. This is achieved 
by grouping four bits 


For this you can take any previous example and verily your answer by going through tlus method. 

2.9.4 Two s Complement Method for Subtraction in Hex Number : 

SCCt * on we are 8°' n 8 to perform subtraction of hex number using 2's complement (2C) 

jrf. code is proper method for representing negative numbers. To convert given number in 2C code 

following methods arc there : 

Method 1 : Subtract the number, whose 2C code we want to find out. from FFF FH Numbers ol 

■; ^ digits depends upon, numbers of digits in hex number. After word add ' 1' intc 

it. This will give you 2C code. Say for an example, 234H. This number has 3 digits. 

1C code for (234) 16 = F F F (I5) 10 (15) 10 (15) 10 


2 3 4 


( 2 ) 


10 


(3) 


10 


(4) 


Now add T in 1C code 


(13) 


10 


10 


( 12 ) 


10 


(13) 


10 


( 12 ) 


10 


<”>10 

1 


OD,o 

1 code 


02) 10 

i 

C 


2 C code for (234) 


16 


( 13 ),o (12) I0 

i i 

D C 

(- 234) I6 in 2C = (DCC) 16 . 

Method 2 : Peifomi following steps to find 2C code in hex : 

Step I : Convert hex number to its equivalent binary. 

Step II : Complement binary number. This is nothing but Vs comDlement 
Step M : Add T in 1C code. 

Step IV : Convert final binaiy answer to its equivalent hex. Say for an example, represent (234> 
code. v * * 


16 
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P’si'ui 

<JU) 
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•* (O 0 
4 


6 inar y Ar*hroet>c 


1 0 0 O 1 I O | 0 0> ; _* 

4 

(l 1 0 1 • 1 0 0 l 0 1 l>; -♦ 

0 0 


bmaix number 
1 C code 


i* ! 


0 


U 

D 


*1 »* 1 o 0, ,1 


Li 


l 


0 0 


u u 

c C -» 

Nou mc arc come to perform subtraction in hex using 2C method V>c arc going to solxe same 


2C tn binary 
group 4 bus 
2C in hex 


examples that uc ha\c solxed in IC You arc aware with the fact that 2C * 1C + I So in previous 
examples we have si reads found IC code So I am simply going to add T and get 2C code 
(a) Perform (A) u - |X) (> using 2C nKthod 
Soln. : (A),* - (K) 1(> - (A),* (- K) u 

.. 2C of (R) u will gives (- *),, 


di^.ud cam 


Anx : 1 2> 

lb) Perform (71) lft - ( 1C) 16 m 2C code 


(71) 

»o 

<74>„M-IO u 


:r 

for ( IO,„ 

IC of 1 1C), k ♦ 1 




(Ei),*- 1 -(E4) u =»(- 

ic>„ 

i 


7 3 -» 

|T>„ 

(- 

IO„ -♦ 

F 4 -* 

(U> 


-H] 


Discard cam 


21 - 16 * 5 

(V 

* 

5 


0>t. 

(4)^ 

X 

7 


hex 


An*. * <-' 7 V 

(C ) Perform ( A-5),. - |777l ; . us.ng 2C code 

Sotn. : t*% - >' 77 ' - = <A65, '» * ‘-rj'* 

ICfortTTI,, - ICof(?77) '« 

♦ I 


% % a 


8 * 9 


=» 1- 777 )\y 


1 bireir 


(1)|« + 0)to“ <*>,o ^ I" ®1i« 



<A) U 

00)., 



tX), 


cam 0 



t 

IX - 16 = 2 
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Arithmetic, 


2-46 


(A65) 


16 


(- 777) 


16 


(A65) 16 

(889)jg 


'H±l 


( H >) 10 

<*>to 


( 6 > io 

(8),o 


Discard carrv 


18-16 = 2 < 14) 'o 

1 A 

2 E 

Ans. : (2EE) 16 

(d) Perform (2C48), 6 - (9AA), 6 . 

Soln. : (2C48) I6 - (9AA), 6 = (2C48), 6 + (- 9AA) 16 

1 C of (9AA) 16 -» F 6 5 5 

+ + 

l -> L- 

2 C of (9AA) 16 

(2C48)| 6 — > 

+ + 

(-9AA) I6 -> 


(3)| 0 

(9),o 

(14) u , 
1 
E 


— » 


lvcx 


(2C48) -» 

F 6 5 6 

(2) io 

(12),o 

1 n 

C*t) io 

(8),o 

(F656) -> 

/ 

Disc;ird cam 

(15), o 

0 

( 6 ) io 

(5),o 

(6),o 

18 - 16 = 2 
i 

1 

18 - 16 = 2 (9)io 

1 4 

2 9 

-l 

E 


Ans. : = (229E) 


\ 


16 


2.9.5 Multiplication : 

If you directly multiply hex numbers the tiling becomes bit complicated. Therefore n \\\W he belKt if 
one follows following steps : 

1 

I step I : Convert hex to binary. (Multiplier and Multiplicand both). 

Step II : Perform Simple binary multiplication . For this refer Table 2.6. 1 

Step III : After performing multiplication, whatever answer you get in binary, convert it to cqui\ alent 
hex. Tliis vou can achieve bv grouping 4 binary bits. Add extra zeros w here required 


Let’s solve sonic examples for the same. 


Ex. 50 : Multiply (72) 16 and (39) 16 . 

• Soln. : 

Step I : t onvert hex to binary, 

( 72) l6 = (0 1 1 1 0 0 1 0) 2 = (1 1 1 00 1 0 ), 

(39), 6 = (001 I 1001), Ml 1 1001), 
Step II : Perform binary multiplication : 
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2-4 ~ 


= iy ~ 


1 I 

I 

1 1 

ooo 

0 0 0 0 

*110 0 

* 10 0 1 



III : ComtTt b»-un lo hr» 
CX!Ti rST'A 



I 0 0 I 0 

t I 0 0 l 

IOC 10 
0 0 0 0 X 

o 0 0 X X 

10 XXX 
X X X X 
X X X X X 


l 0 — » btran 


I 


.0 0 0 0 

l— 1 


1 9 6 

An = (1062^ 


Em . 51 : (A 2 C - =42 . t 

Soln. : Step I : Cemert Ncx to brarv 
(A2C) , * (fl 0 I 0 00 10 II0@* ; 

iB42) .=31011 0100 00 10*, 

10 10 0 

*10 11 0_ 

0 0 0 0 0 

10 10 0 0 
ooooooo 
00000000 
ooooooooo 
0000000000 
1 0 1 0 0 0 1 0 I 1 0 

oooooooooooo 

1 0 I 0 0 0 1 0 1 1 0 0 X 

|0 1000101 100XX 

ooooooooooooxxx 

10 1 000 10 1 1 0 0 X X X X 

I I iooioioooooiio 

£m 51 : Pr-c^ iFA 2 ) ti * (11 D/* 

So In. : Step I : Comnt hex to brain 

F A 2 - il 1 1 1 Ioi*J OilO). -till 

HD*(OOOi onoi hoik * (ioooi uoiv, 

i *>. .r ~ - ii if — § — — i — — ■> t 
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0 I 0 t 1 0 0 

1 »> 0 o 0 1 o_ 713 

OOOOOOo 

10 1 1 0 0 X 

0 0 0 0 0 X X 
0 0 0 0 X X X 
0 0 0 X X X X 
0 0 X X X X X 
0 X X X X X X 
X X X X X X X 
X X X X X X X 
X X X X X X X 
X X X X X X X 
X X X X X X X 
10 1 1 0 0 0 a (72S35S),* 




f • 33 


(■) « 0 


I I 


0 0 Q 


1111 I » I 


I I I 1 * 


I I 111 


I I 


I I I I I 


* <1 


e u 


lilt* 


U » 


o O 


I » 




I 0 0 O | A I I 

Step III m rrt bittin 10 h : 

0 fi 0 I “I ') 0 I 


) I I o 


I I I 


0111 


» ) 1 


IK*** 


29 6 Division 


rop.-.t.m.J.. >vt. ' t 

step 1 ( cm eft ffc ' Moto ! )C • . ' & 1 brun 

Ki cp II : Pkrfonn Aiw«*n 

sr, p III < it M . • f rs £*rWJ » * V ' ' ' ' " ’ ’ ' - — 

5o the Step I ind Step III N*<h its unit; as that *2 i* 7 * cn r , .. ■*. J ^ :1 5 ^ 

taught la \ on 

%o W * c , w: gown io K*hc <cm< copies »bch m«!l com h?-:n s^tncEra 

multiplication ind divujon. fbfs is 'Cur prvucc 


t>".nrrrl '”>1 9 




1 V :p n t5 a".n 


* Examples 

1 " ■ i — 

Ex. 53 : Convert foifow^g d*cim*l nurrtors rto binary rubber* : 

( 1 ) - 128, (m) 257 

Solfl. : We have one positive nnd negati\c number For negative number uc base to present in 
magnitude. I‘s compIcnKnt and 2’s complement method 
(i) - 128. First find out +128, use double dabble method 
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Binary Arithmetic 


1 

4m 

2 
2 
2 
2 
2 
2 
2 


12K 


64 


!2 


16 


1 


0 

0 

0 

0 

0 

0 

0 


LSB 


(♦ 12H) |(> ■ (1 0 0 0 0 0 00) z 


' ^1 -» MSB 

(a) SM representation : We will use 12 bits 

(1 000 100000 0) 2 

T 

sign bit 

(b) l's complement : 

(0000 1000 0 0 0 0) 2 -> (+ 128), 0 
(11110 111 1 1 1 1) 2 -> (- 128) l0 in 1C 

(c) 2's complement 

l's complement — > 11110 111 

+ + 

1 


0 111 


2's complement 


(1 1 l 1 l 0 0 0 0 0 0 0), 


(- 128) 10 in 2C = (1 1 1 1 1000 0000) 2 
(ii) (257) 10 

i 

257 


2 

2 

2 

2 

2 

2 

2 

2 


128 


64 


32 


16 


1 

0 

0 

0 

0 

0 

0 

0 

.1 


LSB 

4 


(4- 257), 0 = 000 1 0 0 0 0 

T 

sign bit 


MSB 


Ex. 64 : solve (i) A5H + 2CH 

(ii) 1101 x 1001. 
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oooi 



1 

s °ln. : (0 


2-50 


«!!!!***«*-■ 


A 5 -> 

4 


(!<>),„ 

(5), o 

2 C -* 


(2)„, 

( 12)jo 



m 




a 

17- 16 = 1 

i 


At».s. :-(DI) |fi 


(«) 


0 

I 


0 

0 

0 


] 

0 

0 

1 


A ns. = (|| 10101),. 


0 


Ex. 55 : Determine 2's complement of (i) 8FH, (ii) FFH 
Sol n. : (i) 

1 's complement 


-> F F 

X F 


00 


1 's complement 

+ 1 

2's complement 

1 's complement -* 


7 () 


7 1 

FFH 

FFH 


0 0 


1 's complement 

1 

2's complement 


D 


1 

0 


1 

0 

0 

X 


0 

0 

() 

0 

X 

x_ 

0 


1 

x 

x 

X 

1 


(I5) 10 05) 


10 


(*>10 d -% 

(7),„ («),„ (70) 


u> 


*• (- XFH) = (71 H), ( . 


0 0 


) (- F FH) - (01H) lr 


0 1 


2C 2's complement 
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2-51 


Binary Ari th metic 


t ,n in* d*c imal equivalent of following in signed magnitude form 
t'»8PH (MlFFH 

Soln. : 

<" Sl '" -* I L 0 0 0 1 I 0 | , 

t Magnitude - (IJ)„ " - I x l’ + I x 2' + 0 x 2 1 + 1 x 2" 


sign 

1 * negative 


< SDH > sm ‘ t~ H), 0 
tu) FFH -> 1 

li 

1111 

1 

T 


Magnitude 


sign 




negative 

k i . * _ . ■» 





Magnitude = I x ] 7 l x 2 6 + I x 2 s + 1 x 2 4 + 1 x 2 ’ + 1 x 2 3 + I x 2 1 + | x 2 ° 


~ 64 + 32 16 8 + 4 + 2 + I 

= 127 

Decimal number is i- 1 27> )0 . 



Ex. 57: Perform FA9 - 1 Ft: 

Soln. : 





— 


| 


— » borrow 




(16), o 

(2<-), „ 

(16), o 

U’5) 10 


F A 9 -> 

1 1^)|0 


(10) 10 


(% 


-4 Operand 1 

✓ 






1 F D -4 

(1)|0 

(2)jo 

d5)i 0 n 

(16), o 

(l^)io 


Operand 2 


(l>, _ 


0>lo _ 




-4 Carry 


15-2 = 

(13) l0 

26 - 16 

< 1 9*)r. 

25-n = (12), tl 




i 


i 


i 




D 


A 


C 



Ans. = (DAC) l0 . 


Ex. 58: Divide (11101 1 10) 2 by (1001) 2 

Soln. : 

10 0 1)1110 1 

1 0 0 1 1 
10 11 

10 0 1 1 I 1 

0 0 i o i I I 

10 0 1 1 

o o i o o 

/. Quotient = (1 1010) -4 (26) 10 
Remainder = (I00) 2 -4 (4) 10 . 



Scanned by CamScanner 


I 'iyrt#»| 

**. 69 j < 
Jtoln, ; 


Mtr**'/ 


: / w 


f,r, v °wt ♦ (12ft), (1 7 ft), * ( ? ) # 


7 

I 


6 

5 



F 9 

4 

— '* ■— 

H 


9 K 

“ 1 

K H O 


i 


4 

l 


1 


1 

2 


(7ir*) N 

►(125), -(1101), 

K 





(«).o 

(«) 

-> 



«»,0 

(K)«o 

(H)»o 

1 

(•),„ 

0 _ 

O) J 


0 

1 " 

7 

6 



^ ^ 1|0 

(2) 10 

<*)io 


01 j 

ra_. 

_ i'L 



1 1-0 9-2 

-7 8 - 

8-0 11- 

-6-5 


4 

4 

1 

4 


0 

7 

0 

5 

in*. * ( 07 () 5 ) h - (705)„. 





1 

i 

burro* 

operand 1 
operand 2 
carrv 


. 60 Carry out the following arithmetic operation and represent result 
(i) (621) 8 - (217) 8 , (ii) (F4D2) 18 - (91FA) 1(| 


In. : (i) 

p. . 



(«),0 




Wio 

6 2 

1 


2 1 1 

7 



(2),o 


ra 


-> 

l_U 




4 2-2=0 9-7=2 

x X x 

4 0 2 


An*. * (402),. 


borrow 


operand 1 


operand 2 


cam 
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(ii) 



— 


2-53 










U6),n 

— » boirc*i* 

F4D2 





(U), 

U9) 10 

a>io__ 

(1*), 

9 1 FA 


(«>,« 



( |5 ',."1 


(10) 





0_ 

(2) 

10 

j(l6>, a 




- 



0 J 


— * cam 



(6) 10 

4 - 2 

! = 2 

29 - lb = 

l U3) ld 

18 - 10 = (S) 



>1 


i 


i 



Ans. 

- (62D8), 

6 


4 » 


D 


>* 

8 


Ex. 61 : Using 2’s complement perform following : 

(') (42)i 0 - (68) 10 , (ii) (25) 10 - (16) 10 . 

Soln. : (i) (42) 10 = (101010) 2 «*>„ - 1000100 

= ((H) 10 1010), 

I s complement of (68) 


MO 


1 


2's complement of (68) 


10 


(42) 


10 


0 0 


0 


(- 68 ) 


10 


10 11 

0 0 0 


= (01000100k 

1011 1011 

l_ 

1011 1100 

10 10 

110 0 


(- 68) m 1C 


1 

T 


I 


l 


o 


Olio 


1- 26k 


ns 1 - no. is negativ e 
Ans. is in 2's complement form 
1110 
i i 

0 0 0 1 


0 

1 


1 

0 


1 0 

i 

0 1 

1 


(0 


0 


0 


1 


0 


1 


0 ). 


complement 


(♦ 26V 


(ii) 


( 25 ), 0 = ( 1 1001) 2 
l's complement of (!6) 10 

1 

2's complement of (16) 10 


+ 


(16) 10 - (10000), 

0 1111 

1 

1 0 0 0 0 


=> (- 16 ) 


15 
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t 




1 >‘o 


'}>'*. *r) 

* * '- /•* '•, -n, • - 4 

<'/ 1101 01 ✓ ICO 1 

ttoln. ; (i; 





Ex. 63 .* Subtract (72 3/ a and <2V , t 

Soln. : __ 

— 1 

(«): f ! 

(i^e 

7 2 

-j 



borrow 
operand 1 



4 10-4*6 11-7*4 


i i i 

A 64 

An*. c (464), 


operand 2 
cany 
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2-55 


Binaty Arithmetic 




Soln. 


( ) Carry out following operations and represent in the same form 
0 ) ( 10101100) 2 - ( 001 1 1000) 2 
(••) ( 3987), 6 — ( 2 H 1)l6 


(i) 


0 


0 






1 8 7 6 

(b) Using 2's complement method, perform : 
(<) (99) 10 - (156) 10 
(ii) (3128) 10 - (5692) 10 . 

Soln. : 

(0 ("ho = (HOOOll), = (01100011), 

(156), 0 = (01001 1100), 

Vs complement of (156), 0 

+ 1 + 

2's complement of (156) 10 

0 0 1 loo 

+ 

1 0 1 10 0 

3 fi] 

1 1 10 0 0 

A 

I 


=> ( 1876), 6 


0 1 1 0 0 0 1 1 
i_ 

0 110 0 10 0 

0 1 1 

1 0 0 


1 


1 


1 



This shows answer is negative and in 2's complement form. 

2’s complement of (1 1 10001 1 1), = (001 1 1001), = (57), 0 
(ii) (3128) W = (1 100001 11000), 

(5692) ]0 = (101 10001 1 1 1 00) 2 
2's complement of (5692) IO = 010011 1000100 

(3J28), 0 = 0 1 1 0 0 0 0 1 1 1 0 0 0 

+ 

(- 5692) l0 = 0 1 0 0 1 1 1000100 

101 0 1 1 1111100 =*(-2564) 10 

T 

This indicates answer is in 2’s complement form. 


— u -‘~ • cam- — ■ — — 
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(-r 2564) , * (OIOIOOOOOOIOOK 


Ex. 65 : (a) Perform following : 
(i) (E38) 1# - (7AE) 1# 

So!n. : 

(i) 


= (’),6 <■) <5531 ),- 


( 16) 


10 


E 3 8 


(14), 

o 


(3) 


10 


7 A E 


Oho 

(I0)„ 


(6)io 

0_ 

0 _ 


Ans. = (68A),, 

di) 


14 — 8 — ((>) iq 

i 

6 


19-11 


( 8 ) 


Scanned by CamScanner 


QJ 


( 3 ) 


Digital 


2-57 


Binary Ari thmeti c 


(ii) 


(54) 10 
03), Q 
( I ^)|f» 


* 


(H) k 


(c) Express the following numbers to sign magnitude. Vs and 2 s complement form * 


(0 - 67, (ii) - 102 

Soln. : (i) (+ 67) 10 = (looooii ) 2 , (102), 0 = (lioouo) 


In sign magnitude (- 67) )0 = 1 


1 0 0 0 0 1 1 j 


(Negative) Magni«-,dc 

(-102), 0 = 1 1 1 0 0 I 1 0 

T 1 1 


Magnitude 


bit 


(ii) In 1C code 

(- 67) )0 - (1011 1100) 2 

(- 102) 10 = ( 1001 1001 ), 

(iii) In 2C code 

(- 67) 10 = 1 0 1 1 1 1 0 0 (- 1°2), 0 

+ l 


1 0 0 1 1 0 0 1 


1 


(10 11110 1 ) : 


(tool 101 oi- 


Ex. 66 : (a) After converting to binary, perform the following subtraction by using 2 s complement and 
give the answer in hexadecimal form 


(i) (ABC) 16 - (476)g 

(ii) (31) 10 -(52) 8 . 

Soln. :(i) (ABC) 16 = (1010 1011 H00) 2 
(476), = (0001 0111 1110), 
l'C of (476), 

4- 1 


l 1 l 0 l 1 0 o 0 0 0 1 


1 


2'C of (476), 


(1 1 1 0 1 1 0 0 0 0 1 0) 2 


(- 476), 


(ABC)j 6 


0 1 o 


l 1 1 o 0 


0 0 0 \ 0 



(97E 
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Oi) (3 1 >, 0 = (11111), 

(52), = ( 10 1010), 

l*C of (52), 


0 I 0 I 0 1 
I 


o 


-C of (52), 

« I 1 

0 1 () 

03 §E 


1 


0 I 0 1 1 o 
l -> 

0 -> 


=> (~ 52), 
C-31>, 

(- 52), 


0 


1 1 1 

0 0 0 10 1 1 

1 1 1 0 1 0 1 => (— o B H). 


1 


0 


Take 2'c complement 
2C of llte answer =-> (OBH) 


(b) After converting to binary perform following subtraction using 2's complement I form (356) 
"( 62 ) 10 


10 


Soln. : 


2 

2 

2 

2 

2 

2 

2 

2 


356 


Quo. 


178 


89 


44 


22 


II 


1 


I 


Rem. 

0 

0 

1 

0 

0 

I 

1 

0 


-> LSB 


•> 

2 

2 

2 

o 


62 

Quo Rem. 


31 


15 


0 

l 

1 

1 

1 

-1 


i.sn 

t 


MSB 


MSB 


(356), 0 = (0001 OHO 01(H)), 

Added /crocs to make 12 bit 

1 Cof(62) 10 

+ 

1 

2 Cor (62) 


(62) 10 = (1 111,0), 

= (ooo' .rm uio) : 

Mil 1 1 0 0 0 0 0 1 


1 


11 1 1 1 1 0 0 0 0 1 0 
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f V 


Digital 

$7 • D or / 

* Pe rform following 

0) < 36 > a x (22) 

O') (43) 8 x (12) 8 ( ' V) (DA)l6 ~ (AF) ie 

* , ('•') (63) 8 x (21 ) 8 . (V) (AC)l6 " (8F) 16 

(22), -(OK) 010) 2 = ( 10010)j 


x 


cam 


_E 0 0 


0 

1 

0 


1 

4 


L o __ 0 

T*' 

0 


0. 


=> (1034), 

(«) = (100 oil), 

( 12 ), = (001 010) 2 =(| 0 I 0 ) : 

I 0 

X 


0 

0 

0 


I 

0 

0 


0 0 
0 0 
0 0 
0 1 


0 

1 

0 

0 

0 

1 


I, 


L°. 


J 1 

* J 3 

(III) (63), = (110 oil), 

Cl), - (010 001), = (| 0001), 

1 

X 


0 

I 


0 

0 

0 


0 

0 

0 

0 

ra 


1 

0 

0 

0 

0 


I 

0 

0 

0 

1 


0 

X 


1. 


0 


1 

0 

0 

1 


0 

0 

0 


1 

_0_ 

0 

1 

0 

0 

X 


4 

1 


0 

0 


0 

1 

0 

lL 


I 

I 

0 

1 

X 

X 


.Bjnar^A nthmetic 


1 

0 


0 

1 

0 

X 

X 


1 

J_ 

0 

0 

X 

X 

X 

0 

T 

4 


I 

_0_ 

0 

X 

X 

X 


0, 

... i 


0 

_0_ 

0 

0 

0 

0 

X 


0 

0 

0 

0 

0 

X 

X 


1 

0 

I 

0 

X 

X 

X 


1 

X 

X 

X 

X 


0 


0 

L 


T 


0 

0 


0 

X 

X 

X 

x 


( 536 ), 


r* (l M3) 
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(«v> 





— 


D A 

HI 




A F 



(10^1 

ri | 

<■ 

d<> 




on 





■ (h - 




13 - 1 1 * tf v. 

=ac * c;t = - 

26 - i< 






(V) 


R 


• CD) 






no* ~! 

a c _> 

I I0) s 

C*> 

\i:y, ] 

8 F 

IS>. 3 1 



(1) J 

(9) 


in - v * 

1 ; 

4 

(vi) 


l 

C A -* 


O0), , 

8 F _* 


(15) , 

Anu 

> 

\ 

11 -I'H*,, 

68 : Perform binary subtracton 

(i) 10111 - moo 

• 

using 2‘s complement representation of negative 

1 • 

rc ofdiiooY 
* i 

4> 

(“0011), 

* 

1 

2'C OF (II 100), 


(00 100k 

4 

10 11 

1 


+ 0 0 10 
— ffl 

0 



ODH) 


° <> l 0 l -> (5) 


1 1 0 M -» Ans. 


10 


is in 2's complement form (- 5 ) 


10 


Ex, 69 r Perform following 

(0 (712), ♦ (33 7), 

00 (AB2.0j ta ♦ (74 A) t , 
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310 9 8 


J 


0 

t 


1 = 11 - 91 

3 

It 

ol (tl) 

0 

T 

0 

L 

t 

°'(L) 

l 

t 

(I) 



5T (ir 


0I (D 

ol (l\) 

"(i) 

■ oi (u) 

0l (ll) 

0, (8) 

° l (0l) 

0, (9) 

• “'do 

°‘(Z) 

0, (0I) 

0l (9l) 

“'(91) 


°‘(9I) 



*(»9'£9S) «= 

t 

9 

£ 


V9 DIV 


(v) 


0 


z 

( 8 ) 


e 

L 


Z 

(a) 


s 

Til 

i 

L 


(W) 


1 0 0 0 l 1 l 0 

0 0 0 

0 l l 0 l l 0 0 

1 l l 0 0 I 0 I 


0 I 0 0 0 [ 


<!!) 


9l (9Z 908) - 9l (V9 02V) (ai) 

(on-o woo)-(mooi.oi.) (m) 


9 \llz a) 


0 

I I 0 I 

i o i i o i 0) 

: *u|os 

9t Uvesz)- 9t (z did) (a) 

9 (fr en) - 8 (fr2 Z3Z) (!!') 

UOI. - tOU-OI- (!) 

: 6u!mo||o^ iujopa<j : 01 'xg 


a 


T 

0l (z) = 91 - Zl 

T 

0, (z) 

t 

0l (Z) = 91 -81 


t 


°'(0l) 

0 

0, (» 

°'(z) 


0 

«- V 

' t L 

0l (£l) 

01 (z) 

0, (U) 


OI (oi) <- a 

+ 

l 9 V 

®(1SZI) = ‘say v 

i 


S 

7 

(n) 


t 

l = 8 

-6 

t 

S 

C 

1 

oc 

II 

> Si 

I 

T * 


L 


c 

■ — 

— 


0 


E 

L 


0 


Ajbuiq 


19~Z 
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(F 2 F 

• ^16 — > 

<'*>,« 

«),o 

(15) 10 

(’),» 

(0)| 0 

(7 5 3 . 

' 1 
T 

\o 

< 

(7),o 

(5) 10 

(3),o 

0°).o 

0),o 



7 

13 

11 

12 

15 



(7 

D 

B 

C 

0, 4 


2.10 BCD ArithmAtir- : 


meam^-^reprefentwi'^i h^ianff d ' , '°Innl\ btraCt ' 0n °P eralion ln BCD “dcs You are aware (hai BCD 
, 0 (, „ n ,n l^ r0m i0m) 2 <° (1001), These codes are vahd The codes from U01«h 

lo U u 1 ) 2 are invalid as far as BCD is concern. 2 


2.10.1 Addition : 


F °r adding two binary coded decimal numbers, we are going to follow the same rule i e binary 
a tion (Table 2.1). Under this we are going to study important 3 cases. Presently to understand concept 
1 am using single digit. But the same rule is valid for multi-digit BCD code or packed BCD 
Case - 1 : Add (3) 10 and (4) ]0 BCD 

(4),o -> (0 10 0) 2 

+ 

<3) 10 -» (0 n I 1) 2 

0 | 0 I 1 > | 

carry is 'O' magnitude of the bits is < 9 

Case - II : Add (7) )0 and (6) 10 . 


(7),o 

— > 

(0 1 1 1) 2 

(6),o 

-> 

(0 1 l 0) 2 


0 

i 1 1 0 Vi 

carry is 

•O' 



But magnitude is > 9 i.e. this answer is not having Valid BCD code 
Actually , (7) 10 + (6) I0 = (13) 10 and in BCD, 

(IT)„, = (00 0,l ,0 0 1 ,D BCP 

1 3 

Here to achieve BCD answer we liave to add (6) 10 or (01 10) 2 to the answer. 

110 1 

+ 

0 110 

0 ilLLii 

_ 1 3 
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Here you may ask question, why 'ONLY' 6 is added why not am ether noni^cr Tte ar^wer .s ^try 
simple, if you start counting binary code i e ( 1010) to (1 1 1 1 ) 2 1 e the codes wh*;h are wri tulid. >oo wiu 

find those arc '6*. Let's see the codes, 1010, 1011, 1 100, 1101, 11 10. 1 1 11. all 6 are imato So lo SKIP 
jti cse states wc add 6 - 

Conclusion : If wc add two BCD numbers and if the answer is Invalid BCD code (t e > 9i simply 

add 6 to it. 

Case 111 : Add (9) |0 and (8) 10 

(9) t0 -> (10 0 1), 


( 8) 10 -» (1 0 0 0 )- 

( I7) t0 |0 0 0 1 | 

t 

carry is T valid BCD code 

Actually we should get ((MKX)l 0111 l)^^ But the above answer stows us 
1 0001 i e. (1 1), 0 which is wrong 

T 


cam 

Secondly, answer is also not having invalid BCD But as tore cam is generated Cam - 1 > add 
nto it. 

1 0 0 0 1 

+ 0 110 =3 ( l ~ * 

10 11 1 


inal Conclusion : 

Studying case I/II/III finally we conclude that if answer contains invalid BCD code u e ^ . tber 
OR carry is generated, you add (6) 10 or (01 10), Don't add (6) J0 if number is 1 9 OPv cam ix^t 


Scanned by CamScanner 


Digital 


As invalid BCD is in least significant digit add '6' only to 
0 1 1 

+ 


0 


1 


that digit only. 

1 1 0 




0 

0 1 
0 0 

1 

0 

l! ! 

1 

Jj 

i° 1 

0 

®J 

7 

(iii) Add (82), 0 and (34) 10 
(M>io 



10 0 0 

4 

0 0 1 

— 1 

0 

+ 

W, o 

-> 

+ 

0 0 11 

0 1 0 

0 

(H6) t0 

•a 

As MSD has invalid BCD 

1 0 

lULLli 

Invalid BCD 
(MSD) 

code add '6' only to MSD. 

11 0 1 

|0 1 1 0| 
Valid BCD 
(LSD) 

1 0 

+ 

0 1 

0 0 

1 

0 




0 0 

0 


i! 

. 0, 



Ans. = (74) 


10 


4 4 

l 1 

(iv) Add (88) 10 and (77) 10 
( 88), 0 — > 


4 

6 


0 


0 


0 


(\16), 0 = Answer 


0 


0 


0 


(77) 


10 


(165) 10 



MSD 


LSD 


Here 


MSD and LSD both contains invalid BCD, therefore add 6 to BOTH THE DIGITS. 


1 

0 


1 

0 


0 m 0 HI 0 B 


0 L o * * L° 


i 

i 6 

(v) Convert to BCD and add (1 Oto + 


0 


4 

5 


1 

0 


.% Ans. = (165) 10 
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2-65 


Soin. ; 

< n ) 10 

< 2 % 


o 0 


0 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

0 

.0 


1 

0 

[0 

0 

0 

01 

i 1 


-^DLArithrnetic 


0 -> add 6 to LSD 


Soln 


(VI) Convert following decimal number to BCD. Add them (5337) l0 + (7538) * '' AnS (2% 


(5337) 

(7538) 


0 1 0 


1 0 o 


1 iooiio 


1 1 1 


JO 'l0 -» 0 1 I 1 n 

rn n r-, ° 1 0 1 o o i i i o o o 

Ban m m m 

12875 — ! o o, i o o o o i i o ,i i i i, 

X Invalid BCD codes. add 6 to it individually -t 

1 10010 0 00110 1 111 


0 110 

0 


0 110 

0 Q 0 


0 1° 0 1 °| [! ° 0 o, 1° 1 1 \j jO 1 0 


Ans. = (12875) 10 = (1 0010 1000 0111 0101) BCD . 

2.10.2 BCD Subtraction : 

nine’s complement of Y 3 Y 2 Y, Y 0 is Z 3 Z 2 Z, Z 0 . 

Then add Z 3 Z 2 Z, Z 0 with X 3 X 2 X, X 0 

Aim -> X 3 X 2 X, Xq - Y 3 Y 2 Y, Y 0 

_ x x X, Xo + (9‘s complement of Y 3 Y 2 Y, Y n ) 

* X 3 x 2 X, Xo + z 3 z 2 z, z 0 

How «. fin- empto-t - wo methods. 
To find 9’s complement of given 
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lethod I : Subtract given number from (9) 10 , you will get 9's complement. Let's say we want to find 
9C of Yj Y 2 Y, Y 0 then operation to be performed is 

(1»0I) 2 - (Y, Y 2 Y, Z 2 Z, Z„ , 

Let's say Y, Y 2 Y, Y 0 - (001 1) 2 = (3),„ 
thcn 1 0 0 1 -> (»), 0 


— 0 o 1 1 -> 

0 1 1 0 -> 

( 6 )io or (0110), is 9C of (0011), or (3) 10 . 

Method II : 

step I : Find one's complement of given number. 

Step II : Add (10) lo or (1010), to one's complement number. 

Find 9's complement of (0011), or (3) Ul . 

Step 1 : Find one's complement of (3) 10 
i.e. 0 011 

i 1 i i -* complement 

(l 1 0 0 ) 2 

Step II : Add (10), 0 or (1010), to one's complemented code 


0 

t 


l 0 

1 1 


fflio 

(6),o 


I o 

0 0 

l 0 




ignore cany 9's complement of (3) 10 i.e. (6) t0 or (0110) 2 

Note : Normally 2 nd method is preferred as it is very easy to implement in dig ital hardware 


Rules for BCD Subtraction : 

(1) (a) First find out 9's complement of subtrahend. 

(b) Add minuend and 9's complement of subtrahend. 

(c) If the sunt of the numbers is an invalid BCD OR if a cam is generated from MSB, we have! 
to add (6) l0 or (01 10) 2 . After adding (01 1) 2 if cany is generated it has to be added to sunu 

therefore cany is called end around carry. The result we arc going to get will be positive^ 
and is in its true form. 

(2) (a) First find out 9's complement of subtrahend. 

(b) Add minuend and 9's complemented number. 

(0 If the sum of two numbers, is valid BCD. the result is negative and 
complement. 


in its nine' 
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S complement of (3) 

(-) Add minuend and 9's 

W.o 

+ 

(- 3),o 


10 ~ <% ~ (3), 0 

= ( 6 )io*(01IO) 2 

complemented number 




-> 


(5) 


10 


cam 


1 0 0 o 
,0110 

lllo ~> invalid BCD 
0 110 -> add( 6) 10 or(OHO), 


? 0B 


(end around carry) 


0 I o o 


(5) 


*''io 


0 10 1 

As cam generated answer is in true form 
(ii) Perform (3) l0 -(8) |0 

Soln. : (|) 9's complement of (8) 10 = (9) |0 - (8) t0 

“ ( I )| 0 = (0001), 

(2) Add minuend and 9's complemented number 
<*>io —> 0 

+ 

(~ 8),o -> 0 

(“3)io [o] 

T o 

cam' 

As earn is not generated, answer is in 9's complement therefore to achieve the answer m true fonn. 
subtract answer from (9) 10 or (1001),. 

(9) l0 ->100 1 


0 

0 

B 

1 


0 

B 

0 


^ 


(4) 


to 


0 

0 


1 


0 I 

(4) 10 or (0100), is 9's complement of (5) J0 . 
(iii) Perform (X3) |0 - (2 1), 0 . 

Soln. : (1) Find 9's complement of (2l) 10 

9*s complement of (21) 10 = (99) 10 - (2I), 0 
0 0 11 


1 


0 


0 


I 


0 


0 


0 


0 


0 


0 


0 


.. ~ maw * 
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o 


0 0 


0. 

0 


(+5) 


10 


0 


♦ (78V (BCD) 


Digital 


2-66 o ■' 'V j / • 


( 2 ) Add minuend and 9 ’s complemented number 


Who -4 

1 0 0 

0 

0 0 

1 1 


<- 2I).« -4 

o 1 1 

J_ 

1 0 

0 <1 


<+62>,0 

1 1 1 

1 

1 0 

1 1 

> invalid It* l> 


0 ! 1 

_0 

0 l 

1 0 

» m1 6 0 

cam -♦ jyj 

0 1 f 

0 

(l 0 

0 1 


i ^ 

— 

■ — - — — 

. — - 

^ 1 



0 1 I 

0 

0 0 

1 0 

> (62 1 M U 

(iv) Perform (2l) l0 -(K3) 10 






Soln. : (1) Find 9’s complement of (K3) j0 





*(16)„ 

* tonoi 

0110)*, 

l> 



(a) Add both the numbers 






to 

5 

4 

0 

0 

1 

0 

h 0 o 1 

4* 







0 

0 

II 

1 

0 1 ! 0 

c-«) 10 






cam -4 g 

0 

(I 

r 

1 

0 1 1 1 


As cam is not generated answer is negative and in its 9 s complement form 
(001 Kill l)-n 7) t0 

•- <99) |0 -(37) |# -(62) |() -(OIIO 00l0) |o 

(37) t is 9’s complement of (62) 


2.11 XS-3 Arithmetic : 


The steps involved In XS - 1 additions arc as follows : 

(i) Comert given number to equivalent XS - 1 form.it 

(ii) Now add both, XS - 3 numbers 


(in) After adding if cam is generated add ( 3 ) or t ( *>l 1 )_ to the sum of two digits 
If cam not generated subtract ( 3 ) or (001 1 ). from sum of two digits 
(rv) Subtraction of ( 3 ) 10 is equivalent to adding (Pi,, or (1 101 

Let's see some examples 







fi) Add ( 3 ), 0 and ( 5 ) |0 in XS - 

3 . 






Soln. : ( 3 ) I0 in XS - 3 is (01 10) 2 

(or(6) J0 j 

1 





( 5 ), rt in XS - 3 is (100), ^ 

or(8) l0 J 






4 

O>,o 



0 1 

1 

0 


(1) 

-> 


1 0 

0 

0 




0 ‘ 

1 1 

T 

0 


T 

Cam * 0, /. subtract (3), ft from the snm 
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-Digital 


HU.nif / -fit ,, , 


Ami, 


1 I 


0 0 


Ignore 


1 1 


_L « i 


i.» XS 1 | 

T^TTm — Lili i! ln 2 s comp lement form 

<") Add (8), 0 a „dH^ I 

Soln -: (8),„.„ XS-3 -> ( * o 1 1 , 2 

(4) I0 in XS-3 — > (0111 )-, 

Add both, 

<*>.0 -A I A 


* « I 

0 I I 


. (4),o 
(12) 10 


0 0 11 
L 0 1 o 0, 
i 

(lii) Add (38) and (44)' 

Soln. : 


i o | 

0 I 1 

00 0 

0 » o' , 


0 As carry laddfOOII) 


0 0 I I 

^ ^ XS 3 code lor I and 2 

2 > (12) |0 m XS 3 


Here MSD 

doesn't 
give cany 

subtract ignore 

<% 


MSP 

‘01 1 o' 

__ 0111 

0 B 111 H EKx 

1110 [cTJ ' 

+ 

110 1 

(1 0 1 1) 2 

10 1 1 


LSD 

TTTT 

0 111 


o o I 0 

0 0 11 

(o i o d 2 

0 10 1 


As LSD provides 

cam , add 
0),n or (0011) 


=> (82).,, in XS-3 


2.12 XS-3 Subtraction : 


The steps inv olved in XS-3 subtraction are as follows : 

(i) Convert given number to its equivalent XS-3 format 

(ii) Complement the subtrahend (find 1C of subtrahend). 

(iii) Add 1C of subtrahend and minuend. 

(iv) If end around cany is generated 

(a) Result is positive 

(b) Add carry also 
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Binary Arithmetic 


c|sc ® ' fca ">' from digit add (3) l0 else add (13) l0 . 
c, sc (a) Result is negative 

(b) You can add cany also. 

(c) If cany generated from digit, add (3) 10 else add (3) 10 . 

(d) Take 1 's complement ( 1 C) of the result. 

Let's sec some examples. 

0) Perform (8) 10 -(3) 10 in XS-3. 

Soln. : ( 8) 10 (l o l i ) 2 
(3),o ->(0 11 0) 2 
l's complement of (3) 10 = (1001) 2 

Add (8) 10 

+ 

(- 3),„ -> 


cam' 


0 


(ii) Perform (3) 10 -(8) 10 
Soln. ; (3)]q — (8)|q — (3) )0 + (— 8), 0 
(3) I0 — > (01 10) in XS-3 
(8) 10 — > (101 1) in XS-3 
1 ’s complement of (8) 10 -> (0100) XS-3 

Add 

(3)|o — > 0 1 

+ 4 


(- 8 ) 


10 


0 


1 


0 


1 

0 

1 

1 

1 

0 

0 

1 


0 

0 


0 

1 

0 

0 




*-l 

0 

1 

0 

1 

0 

0 

l 

1 

0 

0 

0 


1 

0 

0 

0 


Add (3), 0 


(5) 10 in XS-3 


0 


0 



<"■> Perform (53), „ - (28 ) |0 m XS -3. 

( 53 ) 10 »looo 0110 — > XS -3 
< 25 >.o = 0101 101 1 XS -3 

1C of ^ 28 )io = 1010 0100 


2-71 


Binary Arithm ^r 


+ 


< 5 3>]0 

-» 

ivlSD 
l 0 0 0 

LSD 

0 110 

(- 28), „ 
(25) 10 

— » 

10 10 

0 1 0 () 
E 


0 0 0 10 10 10 


end around -> I 

°°10 1011 To MSD add (3),„ 

+ _0 0 1 1 1 10 1 To LSD add (13) 

->0 0 10 1 10 0 0 =* XS-3 For (25), 

2 5 

Exercise 


1 Perform addition operation without converting : A6 H + 2B H 
2. Represent (39) 10 in : 

(i) I s complement representation 

(ii) 2 s complement representation 

3 Perform addition without converting : B7 H + 8A H 
4. Reoresent (67) 10 in: 

(i) I's complement representation 

(ii) 2 s complement representation 
5 Perform addition without converting 

A5j^ B6 j_j 

6. Represent (67) 10 in : 


(May ‘>6, 4 M irks) 
(May 96, 4 Marks) 


(Dec. 96. 4 Marks) 
(Dec. 96, 4 Marks) 


(May ‘>7, 4 Marks) 


(May 97, 4 Marks) 


(i) I’s complement represenation 
7. Perform addition without converting : 


(ii) 2’s complement representation. 

(Dec. 97, 4 Marks) 


CA h ♦ 6E h 

8 Represent (89) 10 in (Dec. 97, 4 Marks) 

(i) I’s complement representation (ii) 2's complement representation. 

9. Perform the following operations directly without converting to decimal : (May 98,9 Marks) 

(i) (112) 4 x (211) 4 (ii) (BC) h - (5D) H (iii) (176) 8 + (532) 8 

10 Represent (61)jq in (May 98, 4 Marks) 

(i) I's complement representation 

(ii) 2's complement representation. 
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^•11-ixamples from University Papers : 


Binary Arithmetic 


*• Perform addition operation without 
Ans. : 


converting : A6„ + 2B„. 


(Mas VO, 4 Marks) 


Wc have. 


A<> -> 
+ 2B -> 


(I7), 0 = 17 


0<»to 

( 6 >io 4 

Convert each digit litre to 

(2), 0 

<H)|o f 

equivalent dccu 11 . 1 l 

7 

(» 7 >to 


16 = | with cam (1) 

e 


ll2),o (IT)),, 




Now 

d3), 0 ■ (D), 6 


Total answer of the sum is 



" < 0, >I6 



(A(.) n ♦ (2B)„ • (I)h u 

Kn%. 

2. Represent (39)j 0 in : 

(Mt\ '><*, 4 Mark*) 


(i) 1 *» complement representation 

(ii) 2 '* complement representation. 

Ans. : (i) l’s complement representation of ( 1V) 10 

First find out binary equivalent of ( W) |0 


2 

39 Origin*) number 

| Quotient | Remainder] 

2 

19 1 ► LSD 

2 

0 

9 1 

2 

4 1 

2 

2 0 

2 

1 0 


♦ 1 ► MSB 


0 - 


(iv), 0 « (looiihj 

Now l's complement of I 0 0 l I l 

XX X X X X 

= 01100 o 

l’s complement representation of 

(39)jq - (01 lOOO)^ 


...Ans. 
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L 


(*0 2 ’s complement of (39), 0 is 
l's complement of ( 39 ) 10 + 1 

P 1 1 0 0 

+ 


2-73 


Binary Arithmetic 


0 

1 


01 1 0 () 1 


1's complement 
2's complement 


lljjjcomplement representation of (39), ,, = onooi 


»W ' * j 

3- Perform addition without converting : B7„ + 8A„ 

Ans. : H 

87 ODio (7) I0 

8A -> ( 8 )io (10) in 

~0 9 )io (17),~ 

= ( 19 )io (17) 10 

i 

17-16 = l with carry 1 
19+1 = (20) 10 

i 

(20)i 0 -(16), 0 = (4), 6 with cany 1 
'• Total answer of sum = ( 1 4 1 ) H 


...Ans. 
(Dec. 96,4 Marks) 


(B7) h + (8A)„ - (1 4 1 ) H 


4. 


Represent (67) 10 in 

(i) 1 's complement representation 

(ii) 2's complement representation. 

Ans. : (i) l's complement representation of (67) 10 
First find out binaiy equivalent of (67) I0 


...An? 

(Dec. 96, May 97, 4 Marks 


>10 


2 

67 

| Quotient 

2 

33 

2 1 

16 

2 

8 

2 

4 

2 

2 

2 

1 

1 

1 

, = (100001 1) 2 


Remainder 


1 

1 

0 

0 

0 

0 

1 


Original number 

— ► LSB 


MSB 
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n,or 1 <• 0 , , 

1 1 1 l l I l 

I) 0 


0 


' s complciitcni of H> 7 ) hl ( „ IMI(1 , ll j 

2 ' s complement of<67i 


'in is 

s complement of ((,7). + | 


o 


0 


2's complement represg, nation «r 

| (67 V, (01 1 1 101), 

5- Perform a, | ( ii,i,„ l „i, h ,„ l( omvcl . |i 
Ans. : (AS),, ^ 

A 5 


1 loo 
I 

I I 0 I 


> I 's complement 

> 2's complement 


B 6 
Carry 


Hhx 


II + B^ll 


^10 

(5), 0 

)io 

(6), 0 

16 = 5 

1 

O’lio" 

▼ 

(5) )6 

▼ 

(B)l6 


l 

(')u, 

= (1t»B) 10 

% mb* I,, imj 

6. Perform addition without converting : ( \ |( f f,|r 

An*. : (CA)„ * (6E)„ 


C A 
6 E 


* (6>i 0 

Car,y ek n <- 


00), 0 
<’ 4 ),0 


1 19- 16 = 3 

I i 

^16 ( 3) 16 

( 138) t6 


X 


24 16 = 8 


1 

( 0 )l6 


.... ills 




(May 97, 4 Mail 


... Ails. 
(Doe *)7, 1 M.nK i 
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Digital 


^ fh 


Binary ArrthrT,^,, 

•••Ant. 


7 ti 1 <( A) "t (6ri )„ - (n8,;;i 

• R«prmcnt(8») I0 | n; 

An* • rh CMm,,,cmenl ^presentation (Hi v* (Dec. 97, 4 Mark* 

Z r COmplcmc "' on or , 2 * C " n ' , ' km '"' . 

n " do «"»i„« 1 yc q ui V . lcntof()W) 


2 

89 

[Quotient] 

2 

44 

2 

22 

2 

. » 

2 

' 5 

2 

2 

2 

1 

« 


Original number 


1 

0 

0 

1 

1 

0 
1 ■ 


♦ lsb 

4 


■♦MSB 


m l0 « (ioi io«i) 2 

l's complement of I « 1 1 o « i 


• ^ ^ J- i i i i 

0 10 0 1 10 


l’s complement representation of (89) 10 = (01001 1()) 2 

] 

...Ant. 

(ii) 2‘s complement of (89), 0 is 
l's complement of (89), 0 + I 


0 10 0 11 0 <— 1 's complement 

+ 1 


0 10 0 111 «- 2's complement 


2's complement representation of (89), o = (01001 11) 2 


• * » Avis* 


8. Perform (he following operations directly without converting to decimal : (May 98, 9 Marks) 
(I) (!12) 4 x (211) 4 (ii) (BC) H -(5D) H (iii) (176), + (532), 

Ans.: (i) (I I2) 4 x (21 1) 4 
First convert these numbers into binary form 
As base is 4 each digit in number is represented using 2 bits 
( 1 12) 4 * ( 0101 10) 2 
(2 1 1 ) 4 = (lOOIODj 
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binary Arithmetic 


0 1 0 1 


1 0 


1 0 0 1 0 1 
"~o^~oT7T 

0 0 0 0 0 0 x 
01 01 1 o x x 
0 0 0 0 0 X X X 

0 0 0 0 X X X X 

1 1 0 X x X X X 


( ! i 2 ) 4 x ( 2 ii ) 4 » 00232)4] 
(ii) (BC) h - (5D)n 


i~i 1 of ~ 

* J I | V Convert the binary number 

3 2 J ,0 base 4 number, group 2 bits 


Ani, 




(BC) h - (3D) h « (5F) h 


(ui) (176)g + (532) ? 


A 1 

j(c 

5D 


5 

5 


1 7 6 

+ 532 

0 0 


1C 

D 


(176), + (532), - (730)j 


f. Represcat (61) 1# in : 

(0 !'• complement representation 
(U) 2's complement representation 
Ans. ; 

(i) V , 1 complement representation of (61) l0 


• • * An 


• »*Aot* 


(May 9$, 4 Marks) 
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’V 



Blna 7 Anthme, 


»c 


^ 6,) io ~ (II l ioi) 

* *• 

I s complement of 


. ((KXH.IoiJ 

O') 2's complcincni representation of (6|)~ is 
J 's complement of (6 1 ) I0 + | 

I 's complement is 


♦ MSB 


1 1 I I 0 | 

^ ^ ^ i 4 | 

^ 0 o () I o 


Ann. 


<> o o o 1 


I 


<> o 0 0 1, 


— ^ S complement representation of ( 61 )^ = ( oooo,|),j 


2's complement 


10. Add (he two numbers (AC),, and (D9)„ directly. Concert 
in a number system with radix four. 

Ans. : 


... Ans. 

the hexadecimal system obtained, 
(Dec. 98, 4 Marks) 


(AC) h ♦ (D9) h 
AC - (10) 10 

D9 -* (13) 10 
Carry jJJ^ [T| +- 


H2) 10 

(9)i0 


=x 


1 24- 16 = 8 21 - 16 = 5 

l i I 

0)i6 ( 8 )l6 ( 5 )l6 


= ( 1 85), 6 

(AC)h + (D9)„ = (135) h 

Now to convert (185) H to a number system with radix 4 
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Binary Arithmetic 


Digital 


2-78 


l-irst we have to convert (1X5),, to decimal form, 

- 1 x 16 2 + X x 16* + 5 x 16° 

- 256 + 128 f 5 

- (389) |0 

OHS),,, » (389) |0 

Now convert (3X9), f , to number system with radix 4 by division method. 

Original number 


f 


4 

389 

[Quotient 

4 

97 

4 

24 

4 

6 

4 

1 


RemaindeT] 


1 

1 

0 

2 

1 


LSB 


-► MSB 


(389) JO » (1201 1) 4 


(AC) h + (D9)„ - (185),, 

(183) tt - (389), n - (12011)4 


1 1. Two binary numbers A and B arc added and subtracted as shown : 
(A) 2 + (B)2 - (H00)j 
(A) 2 -(B) 2 - (ooio^ 
then find (A) 2 and (B) 2 . 

Am. : To get the values of (A) 2 and (B) 2 ; First add the two equations 

(A) 2 + (B) 2 =» 

+ (A) 2 - (B) 2 = 


...Ant. 
(Dec. 98, 2 Marks) 


1100 

0010 


eqn. (a) 
eqn. (b) 


Now to get (A) 2 , 


2(A) 2 

2(A) 2 » (1110)2 
(11I0) 2 “ (14), 0 
( A ), 0 - 14/2 3 <?)|0 


1110 


fn Binary value of 


(oiii) 2 


. Ajat . 


Sow substitute ibis value in Equation (a) 
(OlIDjMB), * (MOO):. 






Scanned by CamScanner 



Digital 2-79 

1 10 0 

(B) 2 = - 011 1 

HI □ ED 

0 1 0 1 

(B) 2 = (0101) 2 

1 2. Represent (38) 10 in 2's complement representation. 

Ans. : First find out l's complement of (38) 10 . 


2 

38 

| Quotient 

2 

19 

2 

9 

2 

4 

2 

2 

2 

1 


k 


* Original number 

Remainder 

0 — ► LSB 

▲ 

1 
1 
0 
0 

i ► MSB 


(38) 10 = (100110) 2 

1 's complement l 0 0 1 10 

i J, i i 'l’ ^ 

0 1 10 0 1 


= (01 100 1 ) 2 

Now 2's complement of(W,o ' s l's complement oftlti),,, + I 

0 | | 0 0 1 — » l's complement 

1 

B 

0 J .J o 1 o -> 2's complement 

| /. 2's complement of (38)|p ~ ^ 

13. Perform the following multiplication : 

<10110.01) 2 » ( ,0U) t 

Ans.: Refer Section 2.6 (Ex. 29). 

14. Perform the following division : 

(1101001.101)+ < I0I > 


Ans.: Refer Section 2.7 (Ex. .16) 

perform the following addition 


FB8„ + DS9„. 


Binary Arithmetic 


...Ans. 
(June 99, 1 Mark) 


... Ant. 

(June 99, 2 

(June 99, 2 Mat**) 
(June 99, 2 M«t*») 

K 

ji 

A.._ 


scanned oy uamscanner 


VJ 




110 0 


< B >2 *-0111 



complement representation. 


mplcmcnt of ( *K) |0 

3Q » number 



(inoilO ) 2 

s complement i (• t) I I ^ 

* ; ; i a i 

n 1 I 0 o I 

(0 1 100 1 1] 

IS I s COHipIcnKIII of ( m,o * I 
I o o 1 ♦ I s complement 

I 

0 


... An v 

(June 99, 1 Mark) 
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(D89) h 


-* 05), 0 

1 )k) 

(B) 10 

- 03), o 

( B ), 0 

< 9>10 

TUk. m *- 

0 — 




1 29-16 = 

| 

1 3 20 1 6 4 

1 I 

17 16=1 

1 

: i ),6 

▼ i 

(°)|B (4) 16 

i 

P)l6 

D4, )l6 




>4D„| ...An*. 

(Dec. 99, 2 Mark*) 


rcvcntation 

mentation. 

representation of ( I9) ln 
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(•) (C9), , _ (8D)"f 0perat, ° ns direct,v without converting to decimal : 


Binary Arithmetic 


(H) 

Oii) 


(232) 4 x (12) 4 
(257) 8 + (423) 8 
( *v) 0101001),+ (lODj 

Ans.: (i) 


(Dec. 99, 3 Marks) 
(Dec. 99, 3 Marks) 
(Dec. 99, 3 Marks) 
(Dec. 99, 2 Marks) 


(C9) h - (8D) h 




00 )lo " 

► Borrow 

(C9) h -+ (12 ) 10 

(9)l0_ 

(25) 10 

►Operand 1 

(8D) h -► (8)l 

03), o 

► Operand 2 

+ ... (9)l0 

twio-i 


►Carry 


( 12 )l 0 - (9)io = 3 (25 -13) = 12 

/ 1 

(3)h (C) h 


= (3C) h 


(C9) h - (8D) h = (3C) h 


AnSt 


(ii) (232) 4 x(12) 4 

First convert these numbers into binary. 

As base is 4 each digit in the number is represented using 2 bits. 
(232) 4 = (101110) 2 
(12) 4 = (0110)2 
Perform binary multiplication 

10 1110 

X 

Olio 


1 

0 0 


oooooo 
1 0 1 1 1 o X 
0 1 1 1 o X X 
o 0 0 0 X X X 


FlfTlHBlD 



Convert the binary number 
base 4 number, group 2 bits 


(232), x (12), - (10H0) 4 


.Ait 
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<»»•) (257)j, + (42 l) H 


Carry 

| ■ ■ (M7), • U21|„ (702),| 

(IV) (I I0)(X)1) 2 + (101) 2 

An*.: Refer Section 2 7, Ex "\2 



Binary Arithmetic 


... Ans. 
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Syllabus : 

Binary Logic Functions, Dooloan laws, Truth tables, Associative and distributive properties. 


~ - 

r Name of the Topic 

Section 

number 

Theory 

■ '*■ 

Problems ^ 

• Introduction to Logic 

3.1 - 3.2 

y 

— 

• Boolean Theorems 

3.3 

y 

y 

• Boolean Laws / 

3.4 


y 



• Demorgan's Theorem ^ 

3.5 


y 

• Perfect Induction 

3.6 

— 

y 

• Reduction of logic expression using 
boolean algebra 

3.7 - 3.8 

— 

y 

• EX-OR / EX-NOR gate 

3.9 


y 

• Universal Logic gates 

3.10 

y 

y 

• Implementation using universal logic gates 

3.11-3.13 

— 

y 

• Input bubbled logic 

3.13 

y 

* , 

^Assertion level 

3.14 

y 

-A 



Comments 

• Base of digital electronics. 

• Don't proceed further till your concepts are crystal clear. 

• Concentriate more on section 3.3 to 3.10 
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irj l dig!^, 2 t * ciec,ronic cq, " p "“ ,s « 

^ *"*'** Wwf“ fe'Clofej" com bC k "°"" ,1S 

or tire analysis and design of digital <eCbra ° r comp " lcr lo 6 ic Boolean algebra is a 

Rasies of Logical Aln »h.=. . 

^° 8 , ^ a l 8Cb h ra , 

a : ^ r ; <usua,,y ^ d ° - — — ^ 

fractions, decimals. ^ ” IT™!"' ^ * Wm * "' BoPta ’" **» are no 
and so on. 8 mbCrS ' SqUarc roo,s - «** roots, logon, Inns, imagine numbers: 

3 - ^ P°™ » loe-ca. algebra alloivs o„l y ,i v0 p ^, vahles ,. 0 , fo( ^ | 

as ON or OFF. The Tab L 3 . Ulmv^b^ases''' ^ M * C " , ® C "“ '*** °" ’"° ° PP ° si ' c SU1,CS such 


Logic 0 

Logic 1 

False 

Tme 

OFF 

ON 

Low' 

High 

No 

Yes 

en Switch 

Closed Sw itch 


Table 3.1 


Thus logical algebra is well suited to express the opening and closing of electrical switches, the 
presence or absence of electrical pulses, or the polarity or amplitude relationship of pulses. Because only 
two values are possible, Boolean algebra is relatively easy to work with as compared with ordinary algebra 

Actually in Boolean algebra there are only three basic operations : 

1. Logical addition, also called OR addition or OR operation. The common symbol for this 
operation is plus sign (+). 

2. Logical multiplication, also called AND multiplication or simply AND operation. The common 
symbol for this operation is multiplication sign (•). 

3. Logical complementation or inversion, also called the NOT operation. The sy mbol for the same 
is over bar (~) 



Now we are going to learn three basic logical operations. 
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Inputs 

Maruti Car 

Black Colour 

F 

F 

F 

T 
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Answer for EBgibUi 

F 

F 









> 



MmUtrrn, Ma/term & Karnaugh Map 


Boolean Algebra 

condition is false (logic 0) then the outi 


" ' , , I | ) AN ^ funct, °n. «f cither of the 

and fuac^eTANr;^:^^^- 

^ »c Wll «e how implemen, AND funcion clechcally «. using swnches, d,odes and 



(c) AND using transistor 
Fig. 3.2 



We are going to follow standard specified in Table 3.1, i c logic 0 = open, logic 1 = closed 
Logic 0 = LOW = OV, logic 1 = HIGH = V rr . 


Case I => A 

Case II ==> A 

Case III => A 

Case IV =» A 


open B = open, .\ O/P C = OV = Logic 0. 

open B * closed, but path is still incomplete. O/P C * OV * Logic 0. 

closed B * open, path is not complete. O/P C * logic 0 * OV. 

closed, B = dosed. path is complete. O/P C * V^ - HIGH - logic 1 


So if wc w rite troth table we get 
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O/PC 

(logic) 

0 

0 

0 


(b) 

Table 3.4 

+ 5V => HIGH. 


A 

B 

O/PC 

0 

0 

0 

0 

1 

0 

l 

0 

0 

1 

1 

1 


lion correctly we will assume that dio 
it, is equal to zero. Refer Fig. 3.2 (b). 

diodes D, and D 2 both will conduct. 
forward voltage drop of the dio 

gic 0. 

logic 0 B = 0V = logic 'O', O/P C = 0 

= +5V, B = OV = logic 0, diode D, 

ge at point X is again forward voltag 
C = 0V = logic 'O’. 
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< '«H< I 


<’M»r || 


f»*e III 


('use IV 


3^7 

A "V M |,u, K () 
and O hmh * " ,ra,1 *isior Q 

* ; ™lh arc cut-off Vr>ii 

V is logic , l c v ■ * w "' 
»nvc lnrruU,,„ r o ■„ ‘‘i ll,,s w “' 

'7' ( «V - lo KIC o 
7 * lu * ,c 11 - <>V. B - | 0K i c | . v 
( ) , " M,,,0r *>. «H*CI b„, Oil 
logrc V , A 77‘ V0 "“* l ' P0.n. Y i, 

V , , h,s 

,n saturation 

• O/P C' ~ OV - logic 0 

* " V <v T lo«ic I. B - OV - | 0 g,c o 
Transistor Q, , s ON . Q, is 0 FF , 

v lo K ,c I. ••• transistor Q, is m 


B00,ftSn A1 « ebra and Logic 


GND 



Hu. 3.2 (A) : Pin diagram of a 740H 

‘ ~ cut-off As 0 is OFF. 


saturation. o/P C , ov logic n 

’ A ■ B - V,.,. - logic I Both 

transistors Q, mid q, W iII bc |n 

S n Tr i0 l PTOV,deS V ' = " - '°K.c «>. Therefore 

O/P C » V r( , « logic i v ' 

summarise all these eases we will get truth Table as shown in Table 3.4 (b) 

package Th ^ ° f U,dard packagc ' ‘ c Integrated Circuit (1C) of 14 pin dual-m-linc (DIP 
pnCKAgc. The same is shown in Fig. 3.2 (A) - 740H 

Uptill now what we have discussed was 2 input (i e A and B) AND gate One can have iwo or mo. 
numbers of inputs also i.c. A. B. C. D. E. F. G. H. and so on Table 3.5 shows tnuh table for 4 i„ pi 
AND gale. Fig 3.3 shows 4 input AND using switches and diodes with symbol. 



(a) 4 input AND using switches 


(b) 4 input AND using diodes 
Fig. 3.3 


(c) Symbol 
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Table 3.5 


1 6 input states. 


ic 1 then only Output is 1 . 

ie or more inputs are 'O'. 

formed exactly like ordinary multiple 
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3-9 


V 


u 


Digital 


s make table generalised. 


Maruti OR Fiat, cither or both arc valid 
We have ’OR' operator. Now let 
Mamti * Variable A 

^' at * Variable B 

Required o/p > Variable C 


Boolean Algebra andLogic Gates 


A 

OR 

B 

= 

C 

A 

+ 

B 

= 

C 


OR operator (+ is Not addiUon) 


• • Truth Table is. 


Inputs 

Output 

A 

B 

C 

() 

0 

0 

0 

1 

1 

1 

0 

1 

I 

1 

1 


Tabic 3.7 



c 


Fig. 3.3 (A) : Symbol of OR gate 


Conclusion : In OR, when either of the inp ut is HIGH (True), O/P is H I GH (T rue) 

In electronics we have device which performs OR function, called OR gate. The symbol lor 2 tnput 

OR gate is shown in Fig. 3.3 (A). 

Now we will implement OR function using switches, diodes and transistor 




S/W A 



Fig. 3.4 (a) : OR using swilches 
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IVfyn 




J 10 




°fl"5 Qst** 


f cc 



OR Using Switches 


Refer Fig. 3.4 (a). We have two switches A and B connected in parallel. Output is variable *C Switch 
open = logic 0, switch closed = logic 1. OV * logic 0 and V cc - HIGH - logic I 


Case I =* Switch A = B * open, Circuit is not completed, we have O/P C • <>V logic 0 


Case II => Switch A * open, B * closed The electrical connection is completed via switch B, 


O/P C = V cc “ logic 1 


J | 

Switch A - closed, B - open. The electrical connection is completed via switch A, / | 
O/P C = V cc » logic 1. 

Switch A = B - closed. Electrical connection is completed via both switches, | : 
O/P C = V cc - logic 1. 

If we combine these four eases, we arc going to get truth table (T. T) as shown in Tabic 3 7 


CaseHI 

Case IV 


OR Using Diodes 


. I 

X 


Assumption : Diodes are ideal', /. drop across diode is approximately OV OV “ LOW = Logic 0, 
V cc - HIGH =■ logic 1 

Case I => 

" $:r.: ..ID,. 

R as diode drop is assumed to be 0. O/PC* HIGH * logical l 


a. , 

A » B - OV - logic 0. diodes D, and D, bolh are cut-ofT. O/P C - 0V - logic 1 ' 
A - 0V B - V,. r , diode D, * OFF, D, - ON. As D, is ON there will be V cc 


Case III => 
Case IV => 


resmance re wlll coreluc, and output will t» L » 


A - B = V, 


cc 


t t 


ll-T-l. 


. r\m r -.JJiriU - t 
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Minterr^ Maxtatm & Karnsuflh Map 


• •—« 


* '* 




v 



& 


"^ 0lnb, " e 311 fo-' ^ T B,>, ' , •* , ' ••"* ' «*a 0*« 

HS-S :i~* - — * 

UseI =" A = B » OV - loi n 1 1 ‘ Udy bchav,our of circuit ' ' 

and n k ,u 8 0 '• Transistor Q. 

Q 2 both arc off, provides HIGH logic 

point Y. As V * mnj • 

5 V Y HIGH, transistor Q, j s 

‘ ,d „T' Mi in 5a, u,ation 
raw ri • • O/P c = OV * logic 'O'. 

8 ‘ V “ = HIGH •• Transistor Q, 

F and Q 2 = ON. The combined effect 
is V Y = OV. As V Y = OV, transistor Q. * 

OFF,.-. O/P C = HIGH = V cc = logic Y 

A XT • • • M . . 


Case III 


^ V cc ~ HIGH, B = 0. .-. Transistor Q. 

__ t . ^ x 


Case IV => 



» ~ vr. .. i idllalblOr V^. 

“ 0N and Q 2 “ OFF. The combined effect 
is V Y = OV. As V y = OV, transistor Q, = 

OFF, .-. O/P C = HIGH = V cc = logic I . 

A - B = V cc ■ HIGH, .-. both the 
transistor Q, = Q 2 * ON. V Y « 0. .-. 

Transistor Q 3 * OFF and O/P C = HIGH = 

V cc = lQ gic 1. 

After combining these four cases, we are going to get Truth table same as Table 3.7 

The OR gate we get in standard package, i.e. DIP. The IC number is 7432 Refer Fig 3 5 

UptiU now we have discussed 2 input OR gate. We can have more than 2 inputs for OR gate 
Fig. 3.6 shows 3 input OR gate using switches and diodes with symbol. 


Fig. 3.5 : Pin diagram of IC 7432 



Fig. 3.6 


The truth tabic is as shown in Table 3.8. 
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Summary of OR function. 


(1) The OR operation produces result 1 when any of the input variable is 1. 1 

(2) The OR operation produces result 0 only when all input variables are 'O'. I 

(3) With OR operation, 1 + 1 = 1. 1 + 1 + 1 + 1 = 1. 1 + 1 + ... 1 + 1 = 1 only. ] 

3.2.3 NOT Operation (an inverter) (Complementation) : 

NOT operation operates on single variable. It does not operate on multiple input variables like AND, 
OR gate. The Fig. 3.7 shows symbol for an Inverter. 


Y =A 

A - Pp-* 

Presence of small circle 
always denotes inversion 

(a) Symbol of an inverter 

Fig. 3.7 




(b) Symbol of an inverter 


As show n in Fig. 3.7, when NOT gate is excited with input variable A, O/P Y = A, (Y equal to 
Inverse* of A*) or (Y equals complement of A). Over bar O represents NOT operation. The troth Table is 
shown m Table 3.9. 

NOT of T is 0. 

NOT of Vis 1. 

NOT operation is referred as Inversion or complementation. 

Let's implement Inverter using switches and transistor. 

Table 3.9 


Input 

Output 

A 

i < 

i 

> 

0 

1 

1 

0 
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'cc 



I/p 


Ao ~vWWv 


1 


1 0/P Y 

1 i 

+ v cc 


(a) Using switch 
I jioT Using S witch 


(b) Using diodes 
Fig. 3.8 


Case I : 


Case II 


When A - open means we are applying 
logic O/P Y is equal to 
V rc = HIGH = logic 1. 

When A = closed means we arc applying 
logic T, then O/P Y is equal to 
LOW = OV = logic 0, because Y is 
shorted to ground. 


NOT Using Transistor 



Case I 


When I/P A = HIGH = V cr = logic 1. Q, 

will be ON, .‘. O/P Y is approximately 
equal to OV = LOW = logic 0. 

Case II : When I/P A = LOW = OV = logic 0, Q, 

will be cut-off. .\ O/P Y is equal to V rr = 
logic 1. 

If we make truth table for two cases, for NOT using switch / transistor, we will get tmth table 
identical to Table T9. 

The IN V we get in standard DIP package. The IC number is 7404. 



Summary of Logic Gates : 

The rules for AND OR an d 1NV can be summarized as follows : 


OR 

AND 

NOT (INV) 

0 + 0 = 0 

0 -0 = 0 

0 = 1 

0 + 1 = 1 

0 • 1 = 0 

1 = 0 

1+0=1 

1-0 = 0 


1 + 1 = 1 

1-1 = 1 



* * *'.* " * ' , v t* 
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^ Boolean Theorems : 

,Jtoorcn « ^lp lo simplify circ 

tfsnu t» i>j, “ * 7 

AND L^ws 

) One input filed at log* O’ : 


3-14 


Boo 






|]^ from A\r) An r w,vlii * s u>ing Boolean algebra \i 

ASD or and ISV ,l mcncr , ^ *«<¥ -o *m« Boulca 


0 # — 

A 


o 


I O' 
A 



f it 3. in 

Rcfc ' fit! 1 l» The truth Tabic of AND , F,t J " 

irtccpctmc of other input at \ it 0I|( /»tc states that when ©ns input is fixed it topic 1>' 

| A 0 a OJ jBrt is alwaxs *)' 

•) On© input nird at lope I • 

Reftr K '« 1 1 1 When „„c lnp ,„ 

A»c Y » ii if a • o Y * I if °f AND pate is at logic lex cl T Output fallow t input variable 

| A I- Aj A -I 

ii) R«ith inputs arr having • 

Refer I ip 1 12 ••’.nmnn input OR h*»th inputs arr shorted to single uruhlr : 

(»*) if \ t) both ur 

(b) If A - | both ** ,r * * rc 31 ’ ,l ’ *© > 

| a a - A 1 *** * ,,c al T ic > t 




o Y 


,r) If on© input is negated (complement) of the other : 

Refer Fig in Irrespective of value of A i e lop*. *V or T. one input null be alvtavs at ’tV, (IV 
of AND gate vull be jJwjvs log*. IV 

£13 

! OR l«V¥S : 

(i) On© input furtl at logic *0' : 



:rx> 


-•Y 


ri* its 
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Refer Fig VI4 
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Minienn , lyiaxietm & rvirnduyn ivup 

■ 1 


_BooleanAl a ebra a nd_Lo 9 , c Gates 


^ A botl ' inputs arc at logic 'O'. Y = 0 

tb) &^71 >C,nVU,OfOR8a ' C ’ Sa,l0g,C '' Y = I means O/P follows input 

) One input fixed at logic 1 : 

-Refe r F,g y 15 for OR g llc . jfcllhcr 
A + l = i 


of Die input is at logic 1 output will be always at logic T 

^ inputs are shorted to single variable : 


-CT> 


Ao- 


-oy 






Fig. 3.16 


Fig. 3.17 


Refer Fig. 3.16. 

(a) If A = 0, both inputs of OR gate will be at logic 'O', Y = 0. 

(b) If A = 1, both inputs of OR gate will be at logic T, .*. Y = 1 
.\ I A + A = A 


(iv) If one input is negation (complement) of other : 

Refer Fig. 3.17. 

^ Irrespective of value of A, i.e. logic 0 or 1, one input of OR gate will be always at logic l, O/P will 
be alway s at logic 1. 

.*. A + A = 1 




nversion 


Law 


(i) Refer Fig 3.18, If input is A. output Y = A. 

(ii) Refer Fig 3.19. If input A is given to 1 st Inverter x = A. 



Y=A 




x = A 




-oY = x=* = A 


Fig. 3.1* 


2 

Fig. 3.19 


_ ^nd Mtr • Y = x.butasx=A, Y = x= A=A. 

T»* output of first gate given to 2 gate... 

Conclusion : Double Inversion of vanable is variable itself. 
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3.4 Boolean Laws : 


JfoQjgjlLAIgebra and Logic n a t^ 


Commutative Law i 

- — — J 

An y b mary operation that satisfies law X • Y = Y • X is ref>mvt , ^ 

,, A • H w . V rr ~~ — r , X ,S referred t0 as Operation 


B ° B ♦ A and [A + B = B + A 


Fig uiT 8 P0S '" 0n ° f VaPab ' CS °" ' he ga,e docs no1 •»* its operation. The same is shown ,n 



(a) 


(b) 


Fig. J.20 


The same thing can be proved using Perfect Induction Method In this method one can check validity 



A 

0 

0 

1 

1 


B 

0 

1 

0 

ll 

A 

• B 

0 

0 

0 

n 

B 

• A 

0 

0 

0 

H 


A • B = B • A 


A 

B 

0 0 

0 1 

1 1 

0 1 

A + 

B 

0 1 

1 1 

B + 

A 

0 1 

1 1 


A + 

B = B + A 1 



Associative Law 


This law states that the order in which the operation is performed is irrelevant as their effect is the 
same. 

For example (x • y) • z = x • (y • z) 
also (x + y) + z = x + (y + z) 

This is diagramatically represented in Figs 3 21 (a) and (b). 




Fig. 3.21 : (a) 
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(A + B) + C 





Before I start explaining you theorem, let's see few definitions : 

3) Literal : A variable in a Boolean expression, appearing in uncomplemented or 

* complemented form. For example in the expression Y = (A + B C), we have 

a 1 two terms A and BC. The first term has a signal literal A while the second 

term BC has two literals B and C 

(ii) Product Term : A product is solely product of literal, for example ABC is a product term A 

product (AND) of 'ri Boolean variables (3 variables in above case), 
uncomplemented or complemented, but not repeated, in a Boolean function of 
n variables is referred to as a standard product term or 'Mutterin' 

— (iii) Sum of Term : A sum term is solely the sum of literals. For example A + B + C is a sum 

»s term. A sum (OR) of 'n' Boolean variables, uncomplemented or 

complemented, but not repeated, in a Boolean function of 'ri variables is 
H referred to as a standard term or 'Masterin'. 

(iv) Standard Product A product term which consists of one literal from every variable in the 

0 Term : function domain. For example in a four variable ABCD the standard product 

term will be A B C D, ABCD, ABCD, ABCD etc. 

1 (v) Standard Sum A sum term which consists of one literal from every variable in the function 

Term : domain. For example in a domain of three variables A, B, C, the standard 

I — 

sum terms would be (A + B + C), (A + B + C), (A + B + C) etc. 

(vi) Sum of Products : A Boolean expression, expressed as sum of product term i.e. as an OR of 

AND terms containing uncomplemented or complemented variables, for 
example 

AB 4- BC + CA 

ABC + AB + ABC + ACD etc. 
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(Vii > Prod 




Ucl °f Sum 


^ V , * 1 ^ Standard « 

*r*'i»Z SUm ° f 


~ g22!San ^ !aa ^ !a -^^-!=Sa>£_Gate^ 


Note 


•‘-t.duc : 01 example 

JsumiT Tab,e for '^eT^C™ T ° r mmtt ™ fM «**> „« enm 

) °f 3 group of ANDs fthp a 0rm Can be re P resen ted as the OR 

“Hcomplemeraed or complement. ° ’ B °°' ean vanab '« 

( “> 2 r ^p roduc , 

^l^ Ta b |eC ^ l ^^°^^ b ^^ ljlse ^^ r C ^m 1 6 ,emi f °' CaCh Z ‘ r ° enU> m ^ 

of the group of ORs (lhe sum tent^Rri^^ 5 ™^ “ AND (Produc " 
or complemented, for example oppression, uncomplemented 

f (A, B, C) = (a + C) 

■ <A + C + BB > _(BB = 0 Refer AND la» ) 

£ present Because A • B can „e ,l s o wnden as AB, a • , ■ c - ABC, A ■ B ■ 5 I ~ ? c ~\ 

foirnulated^^tJ^rerm to e ^mnlf^ nl1 ^ ^ 1 ,nBoolean a, 8 ebra «s Demorgan’s theorem Demorgan 
if a rnmnU ^ • ex P rc sswjns i.c. they provide method of expressing the complement 

p x expression in terms of comple ment of Individual component or in short t heorem al lows 

emovaJ of individual variable from under a NOT sign for e.g. A + B + C ♦ ABC. AB + C etc 
Tie first Demorgan's theorem states that thr complement of sum of products equal to the product of 
omplement of individual variable i.e. A + 1? * A • B 


The second Demorgan's theorem str ifes t hat the complement of a product equals the sum of the 
implement of individual variable i.e. /i • B = A + B 

Refer Fig. 3.22 
Refer Fig. 3.23 
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rig, J.ZJ 

— Stepsjnvojv cd in Dcmorgan's theorem 

S»«pl : Complement entire fu nction Sa y g mn function n T? B 

Again complement A + B = A + B 

Step II : Change all AND to ORs and all ORs to AND 
• • A + B will become A • B 
Step III : Complement each of Individual variable 


We will get A • B A + B - A • B 


The above procedure is called Demor^an isati on Let's preve it by perfect Induc tion method 
A 0 I 0 1 

B 0 0 | |_ 

A | 0 I 0 

B 1 10 0 


A • B 1 0 0 

A + B 0 1 1 

A + B 1 0 0 


0 > 

I 

0 > 


These two arc matching 
A ♦ B * A • B 



1 Deriving Mon Laws from Baste Laws 


Now we ait going to derive more laws from Ihebasic laws. 
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" (0 A + AB = A 


- — — 3-21 

t 

Pniof : a + AB 


P 

4 

a A • 

1 + AB 

(AND law (ij)) 


= A • 

(1 + B) 

(Distributive law) 


= A • 

1 

(OR law (i» 


A 


(AND law (ij)) 

(u 

i<A + AB = a'+ B 




Proof : A + AB 




= A • 

l+AB 

(AND law (j;)) 


= A • i 

(B + 1) + AB 

(OR law (ii» 


- AB + A • 1 + A B 

(Distributive law ) 


= AB + A + AB 

(AND law (ii)) 


= A + B • ( A + a) 

(Distributive law) 


= A + B • 1 

(OR law (iv)) 


= A + B 

(AND law (ii)) 


Same way wc have 




[a + AB = A + B 



(iii) A • (A + B) = A. 



Proof : A • (A + B) 



=* A • A + A • B 

(Distributive law) 


= A + A 

• B 

(AND law (iii)) 


= A • 1 + A • B 

(AND law (ii)) 


= A • (1 + B) 

(Distributive law) 


= A • 1 


(OR law (iv)) 


= A 


(AND law (ii)) 

(iv) A 

• (a + b) = a b 

\ 



Proof : A * { A + b) 



= A *\A + A B 

(Distributive law) 


- 0 + A 1 

3 

(AND law (iv)) 


= AB 


(OR law (i)) 
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Summary of Boolean laws and Theorems Let's summaries all tlie laws. 


(1) A • 0 = 0 


(2) A • 1 = A 

(3) A • A = A 


AND law 


(4) A • A = 0 J 
Commutative law 

(5) A • B = B • A 
Associative law 

(6) A • (B.C) = (A • B) • C 

Distributive law 

(7) A • (B + C) = A • B + A • C 
More laws 

(8) A • (A + B) = A 

(9) A • (A + b) = AB 

(10) A = A 


Demorgan theorem 


(11) A • B = A + B 


(12) A + 0 = A 

(13) A + 1 = 1 A + t 

(14) A + A = A 

(15) A + A = 1 


OR law 


(16) A + B = B + A 


(17) A + (B + C) = (A + B) + C 


(18) A + (B • C) = (A + B) • (A + C) 


(19) A + AB = A 

(20) A + AB = A + B 

(21) A + AB = A + B 

(22) A + AB = A + B 


(23) A + B = A ♦ B 


Tabic 3.10 


Duality Theorem 

v/fC duality theorem states that starting with a particular relation, the other Boolean relation can 
(rived by, 


(i) Replacing OR sign, with AND sign. 

(ii) Replacing AND sign, with OR sign. 

iii) Complementing 0's and 1 's in the expression. 
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/ ' 


— -slIIrL 


m 


-- - — Perfect Induction : ' ” ' ' " 

I 

fora« P0K,b|e ^ Houle. 

s^_ .® ( A ' B > <A ♦ 81 ,A . Bl ( a . a, * o ' - 


Soln c (0 (A * B UA ♦ B) (A ♦ B) ( A ♦ B) * 0 

(i) A MK b* = « V ° Vanablcs A and B arc * ,vcn - W 'C have 


LHS = (0 + 0) (0 + 0) (0 + 6) (6 ♦ 5) 
*°0 + 0) (0+ |)(1 + 1) 

*0 - 1 . 1 . 1 
* o * RHS 
(««) A = 0. B = 1 


LHS 


(0 + l) (0 + 1) (0 + I) (0 + I) 

• (l + 0(0 + ())(1 + o) 

110 1 


= 0 = RHS 
(ill) A » |. B » 0 


LHS = ( 1 + 0) (I 4 0) (1 + ( 1 ) (T + 0) 
“ 1(0 + 0 ) (1 + |) ( 0 + 1 ) 

- 10 11. 

= 0 = RHS 
(iv) A * 1, B = 1 

LHS - (1 + !)(1 + 0 0 + 0(1 + 1) 
* I (0 + 1)0 +0) (o + o) 

= 1110 
= 0 = RHS 

4 

The given expression is valid. 


00 AB ♦ AB ♦ A B C = A 8 C ♦ A B ♦ BC 
1 Soln. : Since three variables A, B. C are given, we have : 

(i) A * B = C = 0 

00 + 00 + 000*000 + 00 + 00 
0 +11+100=001+11+0 
0 +1 +0 *0 +1+0 Tree. 

(ii) A * 0, B = 0. C = 1 

' 00 + 00 + 00 1 * 001 + 00+0 1 
*■* 0 +11 + 101 * 000 + 11+0 
. ■■■ r - T — imtt -^ i — r + — * ^ I . ^ Tme 
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oi + ol + oi 1 »oi! + 5! + i i 
0 + 1 0+ i n*oio + io + i 
0 + 0 + 1 *o + 0 + l True 

(v) A - 1, B * 0, C = 0. 

1 0+10 + 100 * 100 + 10 + 00 
0 + 01 + 000 = 101 + 01+0 

0 + 0 + 0 = 0 + 0 + 0 True 

(vi) A * 1, B *0, C = 1. 

l o + 1 o + T <m = i oT + To + o i 
0+01+001= 100+01+0 
0+ 0+ 0= 0+ 0 + 0 True 

(vii) A*l, B=l. C = 0 

i i+TT + iio=i lo + TT + io 
1 +00 + 0 1 0 = 1 1 1 + 00 + 1 0 
1+ 0+ 0= 1+ 0 + 0 True 

(viii) A - 1, B = 1, C * 1 

1 1 +?T + Tl 1 - 1 1 I + TT+ 1 1 
1 +00 + 0 1 1 = 1 10 + 00+1 
1+0+ 0= 0+0+1 True 

Given expression is verified 

3. 7 Reduction of Logic Expression using Boolean Algebra : 

In this section, Boolean expression will be given to you and you will be asked to minimize Or reduce 
it. What do you mean by reduction or minimisation ? If you have Boolean expression which is not 
minimised and if you built hardware or circuit with the help of that expression, then nurriber of Integrated 
Circuits (ICs) required will be more. As hardware is more rdUbility reduces and also cost of product 
increases. Therefore one has to minimise expression in such a way that hardware required will be less 
3asicalfy we have three technique for minimisation : 

(1) Reduction of logic expression using Boolean algebra 

(i e we arc going to ose the Boolean laws, and we will reduce the expression.) 

(2) Karnaugh Map (K-Map) \ We will smdv in lai^ 

(3) Quine Me cluiky method. / Wewil,stud y nbta chapters. 

Let's solve some examples to reduce Boolean expression using Boolean laws. 
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o (X 

5o,n * {fir 

Cii) 


’ . I\C| 

A * A • B • c 

=a.b. c =abc 

A • B B B • C 
= A B C 


(“0 A AAA 


(Law (3) ) . 
(Law (3) ) - 


A • A = A 

_ B B B » B B * B 


= A A 
= 0 

(*v) A • 1 . a 
= A • A ♦ 1 
= A- 1 
= A 

(v) W + W + X 
= W + X 

(vi) W + X + X + X 

88 w+ x + x 
= w + x 

(vii) W + X+ ] 

= W+ 1 
= 1 

(viii) W + W + X + X + X 


(Law (3) ) y A . aa = aa = a 
(L aw (4)) > A • A = 0 


(Law (6) ) 
(Law (3) ) 
(Law (2) ) 


Associative (Commutative) 


(Law (14) ) 


A + A = 


A 


(Law (14)) 
(Law (14)) 

(Law (13)) 
(Law (13)) 



= w+ X + X 

= w + x 

(Law (14)) 

(ix) 

AA + BB 



= A + B 

(Law (3)) 

(X) 

A • A + BBB 



= A • A + B 

(Law (3)) 


= 0 + B 

(Law (4)) 


= B + 0 = B 

(Law (12)) 

(xi) 

BC + BBC 



« BC + 0 ; C 

(Law (4)) 
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Soln. 


*BC(|) 

~ B • C • l = Q c 


deduce folowing ; 

(0 A *■ AB + AB 
('ii) ABD + ABD + BD 
(v) (AS ♦ C) • (AB ♦ D) 


(Law (7)) 
(Law (13)) 
(Law (2)) 



0 


(»i) AB ♦ AB + AB + aI 
(iv) WX (W + Y) + WY (w + x) 


(i) A + AB + AB 


= A + 

ab + ab 

Commutative 

= A (1 

1 + B) + A B 

(Law (7)) 

= A • 

1 * A B 

(Law (13)) 

= A + 

A B 

(Law (2)) 

= A * 

B 

(Law (20)) 

(ii) AB 

* AB + AB + 

AB 

(2) 

(1) 

(2) 

(Adjust such that you gel variable common) 

= AB -f 

AB + AB + AB 

Commutath c 

ii 

03 

a) + B (a + a) 

(Law (7)) 




= B • (1) + B • (1) 

= B + B 
= l 


(lii) ABD + ABD + B D 


= ABD + BD 
= B (ad + 6) 

» B (6 + ad) 


b(d+a) 
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(Law (15)) 

(Law (2)) 
(Law (15)) 


(Law (14)) 
(Law (7)) 


(Law (16)). commutative. 


(Law (2D) 




■' • • 




; ' 


. 


<iV> W ^' VV + Y) + Wy 




w X • w 


(w + x) 


w . x - y + wyw+wyx 

= vvx+ WY y - - 

+ wwy + _w yS 

wx + wyx +w .w y 


~ «Q£Y + 0. Y 

T? C * 


= wx + 

~ Wx (l+Y) + o 
“ WX • | 


-522!SSnAlge bra 


HlLogicGates 


(Law (7)) 

(Law (3)) 

(Law (14)) 

(Law (4)) 

(Law (7) and (1)) 


1 < W 


rs A 


= W X ^ avv (13) and (12)) 

(v) (AB + C) (AB + D) (Law ( 2 )) 

ab.ab + ab.d + ab. c + c.d „ , 

- AB + ABD + ABC + CD ( ” 

= AB(1 +D + C) + cd <Uw(3 » 

= AB ■ 1 + CD (La " < 7 » 

= AB+CD (La" (13)) 


~ — ~ (Law (2)). 

Ex - 3 : Prove following . 

(0 AB + ABC + Ai = A. 

00 (B + A) (B + D) (A + C) (C + D) = BC + AD 

(Hi) (A + B) A i C = A + B + c' 

Soln. : 


(i) AB + ABC + AB (L. H. S.) 


= A • B • (C + 1) + A B 

(Law (7)) 

= A • B • 1 + A B 

(Law (13)) 

= A-B + AB 

(Law (2)) 

= A • (b + §) 

(Law (7)) 

= A- 1 

(Law (15)) 

= A (R H. S.) 

(Law (2)) 

fii) (B + A) (B + D) (A + C)(C + D) (L. H. S.) 


- (BB + BD + AB + AD) (AC + AD + CC + CD) 

(Law 7) 

= (B + BD + AB + AD) (AC + AD + C + CD) 

(Law 3) 

* [B (I + D) + AB + ADJ fC (1 + A) + AD + CD| 

(Law 7) 

* [B + AB + AD] |C + AD + CDJ 

(Law 13) 
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l B (! + A) ♦ AD| (C (1 4 D) 4 AD) 
|B>AD|(C + ADj 
“ B C + bad 4 ADC + AD • AD 
BC + BAD + ADC + AD 
BC 4 AD (B + C + 1) 

* BC 4 AD (R H S ) 

Bji) (a + b) ABC (L H S ) 
a ABC A4ABC*B 

■ ABC 4 0 

* ABC 

* A+B+C 

* x. 4 : Pfo^t following 


Boolean Algebra and i r 

— 

(Law 7) 

(Law 13) 

(Law 7) 

(Law 3) 

(Law 7) 

(Law 13) 

(Law 7) 

(Law 3 and 4) 

(Law 12) 

(Law 11) 


(i) A B C ♦ AC D ♦ CA = AC ♦ CD ♦ AB ♦ AO 


' ' (A ♦ AB) (C ♦ D) = AB ♦ C D 

<’ r > (A + B) |A ♦ C) (B ♦ C) = (A ♦ B) (A ♦ C) 

Soln. : 


<i> ABC 4 AC D ♦ CA (L H S) 


ABC *(a + c)d+Ca 

(Law 11) 

11 AD ♦ CD 4 A (c 4 bc) 

(Law 7) 

- AD 4 ( D 4 A (c + §) 

(Law 22) 

AD 4 CD 4 AC f AB 

(Law 7) 

RMS 


»j) (A 4 A B) (C 4- D) (L II S) 


( A 4 B ) (C 4 D) 

(Law 20) 

* ( A * B )(C 4 6) 

(Law 11) 

- AB 4 c D 

(Law 23) 

AB ^ CD 

(Law 10) 
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(iii) (A 


( L H S) 


)] 


B) (A + C ) (B + C) 

,a + b »(ab^ c + bc + cc) 

( A + B)(ab +AC + bc + c) 

( A + B) [aB + C (a + B + j 

(A + B) (ab + c) 

A AB + AC + AB • B + BC 
0 + AC + AB + BC 
AC + AB + BC + 0 
AC + AB + BC + AA 
C (A + B) + A (B + A) 

C (A + B) + A (A + B) 

(A + B) (a + c) (R. H. S.) 


Su Pp(y 
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Ex. 5 I Simplify the following 

(i) F 1 = AC ♦ BCD ♦ ABC ♦ ACD 

(ii) F 2 = B + AB ♦ ACD + AC 


—Boolean .Algebra 8 


land L 


(Law 7) 

(Law 1) 

(Law 7) 

(Law 13) 

Law (7) 

(Law 4 and 3) 
(Law 12) 

(Law 4) 

(Law 7) 

(Law 16) 

(Law 18) 


(iii) F 3 = A ♦ B ♦ CD 


Soln. : 

(i) F, 


(i») F 2 


AC + BCD + ABC + ACD 
A [c + CD] + BCD + ABC 
A [c + d] + BCD + ABC 
AC + AD + BCD + ABC 
A (c + BC) + AD + BCD 
A (c +§) + AD + BCD 

A C + AB + AD + BCD 

A [c + B + d] + BCD 
B + AB + ACD + AC 

b + a + a(c + cd) 


(Law 7) 
(Law 21) 
(Law 7) 
(Law 7) 
(Law 22) 
(Law 7 ) 
(Law 7) 


(Law 7 and 20) 
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- ABC-f AB C 


= ABC+ABC 


+ AB C 


I 


= ABC 


(iii) (A + BC) 
= (A-“ 


) 


BC 


(aB + ABC 
^ ( AB + A + B + C) 


= (A B c) ( A + B + B + c) 
= (abc) (a+b + b) + c 

= ABC • A + ABC • B + ABC • C 
= ABC + 0 +0 

= ABC. 


(iv) [abc + ab] +ac 


If 


ABC + AB I • AC 

(abc + ab) • (a + c)_ _ 

ABC • A + ABC • C + ABA + ABC 


AB 


» 

l;,r ' ’ 

■ 

l\' .-’•vl':'. " ■■ 

- AB 

*• 
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ar ( 1 + c) - AB • 1 


+ AB + ABC 


(Law (14)) 


(Law (23)) 

(Law (21)) 

(Law (14)) 

(Law (3) and (4)) 
(Law (12)) 



(Law 23) 

(Law 11) (J.CrO 

(Law (4) and (3) 

(Law (12) and (6) 
(Law 13) 
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Boolean 


(\) 


‘ AL; “ABC) (ABC) 

^ B - ABC) (ABC) 

' A ' ABC+ ABCB + ABC • ABC) 


< ( > *ABC+ 0 ) 


* ABC 


= A + B * C 


8 : Prove that X(X*Y) + Z + ZY = Y + Z 

Soln. : L H S ' 


(Law (11)) 

(Law (7)) 

(Law (4) and (3) 

(Law 12) 

(Law 1 1 ) 


X (X - Y) + Z +ZY 
= X • X - X • Y + Z *ZY 

* O+X-Y+Z+Y 
= Y+X- Y+Z 

= Y ( 1 + X) + Z 

* Y (1;>Z 


(Law 7) 

(Law 4 and 21) 


(Law 7) 
(Law 13) 


« Y Z 

■M 


(Law 2} 


Ex. J9 : Prove that ffX * XY ♦ YZ ♦ XZ = X ♦ YZ 


: L H S 

WX * XY ^ YZ ^ XZ 

(Law 7) 

XW + x(y + z) + YZ 

(Law 11) 

XW + X.(yz) + YZ 

XW + YZ -*- ( YZ ) • X 

(Law 20) 

XW ♦ YZ + 

(Law 7) 

X(W + 1) + Y(Z) 

(Law 13) 

X * YZ 


Ex. 10 : Simplify following 

at (a*b + ab)(a+b)(ab) 

* (a + B + a)(a • AB + B * A b) (Law (21) and (7) 
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Digits 


(a>b). (0>0) 
(a > b) . o 




0 


N- 


<■*> <AB + C) (AB + CD) 

ABAB + A BCD * ABr * ^ 
AB * ABCD * ABC „ c D C ° 

- A AB, ' +CDtC, * CD 
A * B • i + 

* AB + CD 


l 


(in) AB + AB + 


AB + ab 


AB ♦ ab ♦ | 

* 1 

(iv) XW ♦ (XY + Y) X 

* XW + XXY + XY 
" XW ♦ XY + XY 

* XY + XW 


— -boolean 


(Uu (U )<lnd(4) 
(Law ( 13 ) 


inAi 9° br '« 




(Law 3) 

(Law 7) 

(Law 13 ) 

(Law 2) 

(Law 15 ) 

(AB » x x + \ = |) 
(Law 13 ) 

(Law 7 ) 

(Law 3) 


(V) (AB ♦ ABC) (ABC) 


* AB (1 +C)(AB C) 

(Law 7) 

* (AB) (ABC) 

(Law 13) 

« ABABC 

(Law 4) - 


- 0 
* 1 

UptiU now we have solved some examples but we haven't draw n final circuit Now let’s sohe some 
examples to minimise Boolean expressions and finally draw the circuit 

? LJuing rules Tf Boolean algebra, solve example and implement using gates Draw circuit 
diagram neatfy 

^,)(A*BC) (b-'ca) 

|„) V s ABCO » ABCO ♦ ABCO ♦ AB CO » ABCO 

(ut) Y » AD ♦ "® - BO ♦ CO I 
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(»> ABCD ♦ ABCD ♦ ABCD + ABCD ♦ ABCD 
- ABC (d + d) ♦ ABC (D ♦ D ) ♦ ABCD 


(Lam’ 7) 


ABC • | ♦ ABC • ] ♦ ABCD 
" ♦ ABC + ABCD 

" ^(C + C^ABCD 


(Law 15) 
(Law 2) 


* AB + ABCD 

* A (b + B CD) 

* A (B ♦ C • D) 


(iii) AD+CD BD + CD 



♦ CD) 


» AD + CD + BD + CD 
* AD + CD ♦ BD ♦ CD 


* BD ♦ AD ♦ CD ♦ CD * AD + BD + I s | 


12 : Simplify expression and draw circuit 
(p) V * A ♦ c( AB ♦ AC )\ 


(•) Y = (X*Z)(x*Y*z) 
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^W| 


s oin. 


(iv) y = 
(i) Y = 


WY "^£^) 

= ( AB + C(7i7^^ 

A ( B + C [ AB • 

[ b + c ((a + b).(a + c)^ 

A [ B + c(a. A+AC + A§ + ie 

[ b + c(a(i + 5 + 5) + § -^J 

[ b + c (ai + bc)1 

B + AC + Be • c] 


j2 ^^eb £!L a„ d Lo , 


B ) ( A B 


) 


* A 


= A 


)] 


* A 

- Af 


A [b + AC + oj 

= AB + A • AC 
= AB + 0 = AB 

(ii) Y = JX + Z) (x + Y + z) 

X • X + XY + XZ + XZ + YZ + ZZ Xo 
= 0 + XY + XZ + XZ + YZ + Z 

>] 


= xy + z[x + x + y + 

= XY + Z [1] = XY + Z 
(iii) Y = C ( ABC + ABC 

= c(a + b+c + abc) 


o 


AC + BC + C - C + ABC • C 
AC + BC + 0 + ABC 
AC + BC (1 + A) 

AC + BC 

c(a + b) 


Demorgan 

Deniorgan 


^Sl^Gates 




v=xy+z 


Fig. 3.27 
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(iv) Y = 


( A + b)^Alb) + (ab) (ah) 


(a + b) • (a + b) + ab + AB 

= (a + b) (a + b) + AB + AB 
* AA + AB + AB + BB + AB + AB 
= 0 + AB + AB + 0 + jAB + AB 

= a(b + b) + a(b + b) 

= A (I ) + A (1) = A + A = I 
No gales required, directly connect O/p to V rr . 


Ex. 13 : Write dual of the expression given below and prove its validity by Boolean algebra 
(a + b) (a ♦ c) (b + c) = (a + b) (a ♦ c) 

Soln. : To find dual we replace AND bv OR and Vice Versa, and complement 0*s and 1's 
ab + ac + be = ab + ac 

R. H S. ab + ac = ab • I + ac -1 = ab (c + I) + ac (b + 1) = abc + ab + abc 4 S c 

= abc + abc + ab + ac = be (a + a) + ab + ac 
= ab + ac + be > (L. H S) 

3.8 Deriving Boolean Expression from Given Circuit : 


Under this section circuit will be given to you and you have to find out or derive Boolean expression 
The method to write Boolean is very simple. You start from i/p side (normally left), and go on writing o/p 
expression of each gate till you reach final o/p terminal (normally Y). Here sw itch n/w will be also given 
to you I hope you remember AND/OR circuit using switches. 

Let's sec some examples. 

- ■' 11 — ■ ■ ' ^ 

14 : Write down equation for output Y for the circuit shown in Fig 3 28 (A) 
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Fiji. 3.2') 


“is : Write down equation to. switch circuit shown in Fig 3 30 

0) 


Fig. 3.28 (A) 

Soln. : As shown in Fig. 3.28 (A) switches A ; 
equation is Y = (A + B) • C 
Refer Fig. 3.29. 


and B forms OR gate, and C is hi cn .s Inrun AND mic 


4-67 


MtnUrm, Mixtuin ft Karntuflh. M§£ 


P'Jital 
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S22!*«nAla*br» w } n\.n r . t- imx 


Bti't) 


Supply 


— 1 7tA«BH 


. .v= AB + C i.e. 1A AND B| OR 

Solrie ♦ * , n j rt P|0 3.31 

Equivalent circuit is s to 


Fiji. 3.50 

C will allow the bulb to tfow 
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Fir. 3.32 

Soln. : Always start from inner loops 

Y = D |\ (BC + D) + B (c +6)] - 6 [ABC ♦ AD ♦ BC ♦ Bl)] 

» ABCD ♦ BCD ♦ BD 



(CaD) 

Fix. 3.33 
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(iv) 


jQotean Algebra and Logic Gaxt 


> n 


m 


Boolean Algebra and Logic Gates 


r\ b ~y 

► 

1 x / 



A° 

f c 


Supply 


Soln. : Rearranging the circuit wc get. 


Fig. 3.36 



T~ <r n 0 ~ 

02 

— cr^o- 

~ 

A 

P 


A 

D 


— - O— 



o- 

‘——<7 o— - 

c 

pe 


A B 

Fig. 3.37 

Starting from input we have, 
B OR I A AND Fd OR fc , 


Fig. 3.38 


B OR [a AND [d OR (c AND b)J j OR 

(a AND [ B OR (c AND d) OR (c AND A AND §)] } 

y = b + a(d + bc) + a(b + cd + abc) 

Ex. 1 6 : Write down Boolean expressions for given digital circuit. 

d) 



A + B + CsY 


Fig. 3.39 
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SO ' n ' •' ' npul 10 AND ' is A. B and C 
,nP "' 10 OR^WpofAND , 
••• Final [y. Age ~ 5] 


f 'K. 3.40 

• • 0/ P of AND | 
and D. 


* ABC 




Fig. 3.41 

(1) O/p of OR 1 is A + B 

(2) 0/poflNV2is A + B 

(3) O/p of OR3 is E + F. 

(4) O/pof AND5 j$CD(E + F) G 

(5) O/p of INV6 is CD (E + F)G 

.% Final o/p is i e. Y * A + B + CDG (E + F) 
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Dtjitii 

(iv) 


3 4^ 


Hi* •qu.ljon (or w . „ ~ - BMl«nAig,b,., M | Q 

8ool «" idmwy uwx <*«»Or cttl t thown)Br J 

y a 4 42 th* tquabon u*,„g 



£> 


Soln. : 


(1) O/p of IN VI is ~ > A 

(2) O/p of INV2 is >B 

(3) O/p of/NVl is >C 


(4) O/p of INV4 is 

> A 

(5) O/p of INV5 is 

> A 

O/p of AND6 - 

-> ABC 

O/p of AND7 — 

-> ABC 

O/p of AND8 — 

-> ADB 

. Y - ABC + ABC + ADB 

« bc(a*a) + adb 


- BC(I) + ADB 

- ADB ♦ BC 

Circuit is as shown in Fig 3 43. 
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®°*n. : Here bubble 

o/p of gate J > ^ + g 

O/p of gate 2 > q . 5 

°/p of gate 3 > Y = (a + b) • (c • 5) • E 

' C 6 e(a + b) 

^^^!y?_QEG gtc-Exclusive MfiR Gate : 


(a) shows ssmhol o| 


Inputs 

Output 

A 

B 

Y 

0 

0 

0 

0 

1 

^ 

1 

0 

1 ' 

t 

1 

0 



♦AB 


w (b) 

Fig. 3.45 

As shown in truth Table O/P Y is function of minterm 1 and 2 i e. Y = AB + AB. This can be also 
written as A © B. Where © > sign for EX - ORing. 

j Basic Property : 

The property of the gate is O/P is HIGH only if 'odd' number of inputs are at logic T If ’Even' 
numbered are present O/P is logic 'O'. 

Fig. 3.46 shows equivalent circuit for EX-OR using AND, OR and Inverter. 
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fig. 3.46 


Presently, we have seen tmih t.m , 

cascading the gates The circuit and tmth Table isTh' X ° R ga,C Wc can incrcasc number of inputs by 

,f * b,C ,s show " «" 3.47 for .1 input XOR 



[ Inputs 

Output 

A 

B 

c 

Y 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

i 

0 

0 

[ 

I 

— • — — A. 

_u 

1 


0» 


laws f0r EX0R 


fig. 3.47 


cc 



O/P 

v=7® i 


^cc 


(a) 


Inputs 

Output 

A 

Logic 1 

Y 

0 

1 

1 

1 

1 

0 


Fig 3.48 fa) shows one of the terminal of xoiu* tied 

terminal. ,,ed 10 V cc- Available input i« «• 

/ > i,m , pul ,s given to 2 n 

(a) When A ® 0 , O/P Y*A$l»o©i«i 

WhenA* l,O/PY = Aei = iei =0 

“Tssissx.- 1 - - — * •*..».« ** , „„ „ 

Fig. 3.48 (b). [Y * A a 1 « A/ * 50 shown 111 
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_Boolean_Aige b ra 


andJ_ogic^G at( ,^ 



& 
Logic 'O' 
(Ground) 


O/P 

Y = A©o 


another terming Sh ° WS that onc term «nal of XOR tie, 
ft> When A= 0 = 000 = 0 

LV^XeoTT] 


ClWe MJ : One I/P u inversion of other. 



to GND (logic ’O') 


and A variable is given to 



Fig. 3.50 

(a) When A = 0, O/P Y=a®a=o®|=| 

<b) When A - I, Q/p Y = A ® A = | ® o = i 
/ V ~ A 0 A = I 


i*c IV : Both inputs are shorted. 



O/P 

= A © A 


(a) 

Fig. 3.51 

i) When A = 0, O/P Y = A©A = 0©0 = 0. 

>) When A » 1 t O/P Y = A©A=1©1=0. 

Iy = A ® A * 0 


Inputs 

Output 

-Al 

A 

Y 

0 


1 

1 

1 



0 

1 


d» 


Inputs 

Output 

A 

A 

Y 

0 

o 1 

0 

1 

1 

0 

(b) 
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Case V . »„ ~~ — _____ 



(a) 


,n p°* 1 

Output 

A 

B 

Y - A <b B 

0 

0 

1 

0 

1 

0 

1 

0 

o 

L 

1 

* 1 




Fig. 3.52 

i «, ° f EX_0R gate is Averted using TMOT gate /. Y = A <5? B « AB + AB 
Lets si mplify the s ame 

Y AB+AB = AB • AB = (a +b) • (a + b) - (a + b) (a 4 fi) 

— A * A + AB + AB + BB * 0 + AB + AB + 0 
Y = AB + AB 

T . f u! lnverted jt is a,so ca,,cd as EX-NOR gate, where *N' in EX-NOR represents 'NOT gate 
The truth Table is shown in Fig . 3.52 (b ). EX-NOR symbol is shown in Fig 152 (a) 

••• O/P Y for EX-NOR =A0B=A©B 

Property of EX-NOR gate : 

Property of EX-NOR is exactly Invert of EX-OR i c 

(1) Y = A 0 1 = A (2) Y = A O 0 = A 

0) Y = A 0 A = 0 (4) Y = A © A * 1 

WE get EX-OR gate in DIP form. The 1C number is 74K6. 
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E , EX-Oft 

• m. .on 0 w,„ g '^ n ;^— . 

F =A £ r ' - - - 9 X ’ OR Sa,M »"1 AND gates 0 „ ly 

S°'n.:F - AB<CD + ^ A6 - C0 ‘ ABCD ' iB£D 
A B (CD ♦ CD, * ab (CD ♦ CD, 

(AB + AB) (CD ♦ CD) 

3D- 


• (AeB)(C 0 D) 


Ao- 

B*~ 


c 

D* 


^3Z> 


FO- 


Pi* 3.54 


1* . Show that the expre S *, 0 n. f = ( AB W AR^ 

V / V A 8 / ,s bivalent to the exclustv* 

Unction 

Soln. : f * (ab-ab) . 


OR 


A B ♦ A B 


” ab+ab 


* v > 

•V ~ 


A * A 


E*. 1® I Implement following using EX-OR 

F ^ A B C ♦ ABC ♦ ACD ♦ ACO 

. : F * ABC ♦ ABC ♦ ACD * ACD - A ( BC ♦ Be) ♦ A (CD ♦ CD) 

» A • (B ® C) ♦ A • (C © l>> 

For EX -NOR g.itc complement equation twice 


Soln 


A(BeC) + A(C® D) 


l sc Dcmorgan 


- A <B ® C) ( A(C®D> ) 

- Jam b<?C) ][ A ♦ ( c e D ) J 

» (A ♦ <B © O) (a ♦ (C O D)) 

Ftgurt for Equations (I) and (2) art shout, in Ftp 1 55 (a) and (b) 


( 2 ) 
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Fit J.55 (a) 



F»*. 3.55 (b) 


Ex. 20 : Show how you can imptarront. 

Y * A 3 ) B <f> C ® D u*‘09 thra# Ex-OR ga**» 
Soln. : Using X OR gates. 



Fit J.56 (a) Fit 3.54 (b) 

Or, V * (A0B)®(C$D) 

3.10 Universal Logic Gates : 

ft is possible to implement AND, OR. INV (NOT), XOR, XNOR gates using one member sets 
NAND and NOR Thus, using these gates, one can realize any given logical expression As a result they 
are known as Universal logic gaits Let's first sec symbol and truth Table 
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A • 


O 5 ' 


(•I N«mUI f»r N\>D t j U 



*b' T rwtti uhk 


Ft(. ) r 

M> truth !*k %mna*emt'jte ttM s*M)«r. *M> ter** aMTD 

OvtpHt 


2 > '• 


(at S>«M («r NOH fair 


0 

0 I 

1 0 

1 I 

iki l r»t% i »Mf 


M 

►> 


!•(. 1 M 

SOM it r% »?nr^ Nrt OM S<*T iumhnrui*'* 

NANO la** 

SASP t**4*il!K*«%xtK -t ! l ^" r ' 

^1 ^ n * | W inp* *<€ S ASp fi\«:4 ^ 1 1 

,tkr lryvi i»f NASD * ‘ 

liM h ,,*v“ « A>n.-J V «N* »«v«K« “f »• * 


’ 'o{. 


C> A I " A 
<t> A » A - A 


u ii i4 IN\ 

(4) A 4 1 ' ill '■'»■ 'T* •» d ,Sc C ' V ' ’ 

, : c - r -. .. - -***» 

NOR L4W4 


.11 A*' 1 


. ,* «c -jn «rm t>.« fo« v - ; * 

77,' . i ,Ok .r^it of NOR ft«4 - k P- ‘ 

, ») A *~A - A IB*'* «*“* iK < - VwJ * V " ' V ' * i ’ V ' 


X 
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•npim 


(If 


one 


arc shorted 

,n p>‘' .s co,„ plcmcn , of tlie o 
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itPPje m sntation of other Gat 

31 1-1 Use JTT Oates using Unjversaj Logi 


<•> NOT gate : 


NAND ,0 'mplement 


ic Gates : 


a H Gates : 


Equation for NOT gate is Y = i 

We (0 short inputs n f kj um nvcrtcr acts only on single variable. But NAND has two inputs, 
y a S a *c to nuke it single variable. 

O/P v A A - A (Law 3). Single variable B = A 

,S corn P(cmcnt of input Observe Fig 3 59. 


(if) 



Y = A 



= A • B = A~^A - A 



Fig. J.59 

AND gate : 

Equation for AND is Y - A • B 
Equation for NAND is Y * A • B 

Observing these two equation wc conclude that, if wc Imcrt OP of NAND wc can get AND gate 


i e Y » A • B = A • B 


But here wc arc going to use NAND only An Inserter using NAND can be implemented |ust by 
starting two inputs (Law 3 of NAND) 

.*. Circuit is as shown in Fig 3 60. 


A 

B 


« 1 Y = / 


Y = A • B 



Y = A • B = A • B 

Y = A • B V 


Fig. 3.60 


Hi) OR gate using NAND only : 

Equation for OR isY c A + B 

Equation for NAND is Y = A • B (use demorgan to simplify) 
/. O/P of NAND is Y = A B 


sA + B ...(3.4) 

Observ e Equations (3 3) and (3.4). the only difference is inputs are complemented. if we already 

provide complemented inputs, O/P will be same as that of OR gate. 

Fig 161 shows the circuit 
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3.11.2 Use NOR to Implement ill the Gate* : 

(i) NOT gate r Eq, W iK>n for NOT Y - A ts.ngk sm**) 

It is ob\ ions ih.ii *e should short input termin.il> of NOR £ „s 

’• Y A + B.asB-A. V* A ♦ A • A (law \ of NOR t 
The circuit is .is show n in Fig 1 r>2 


A»-~ 


1>^ 


Y.T 

O 


'** X> 


Vila K 


Fig. 3.62 


(ii) AND gate : 



Fig. 3.63 


Equation for AND is Y * A • B 

Equation for NOR is V - A ♦ B Use Demorgans theorem 
Y “ A • B 

Compare Equation (3.5) and (3 6) you can conclude that inputs to 
should provide alteady complemented input Refer Fig 3 63 
(IB) OR gate * Simply complement O/P of NOR. you will get OR gale 

Scanned by CamScanner 


. 0 


0 6V 

NOR arc complemented, wc 




Now ’ Fig. ^• 6 ‘* 

' arc going to implement given expressions using NAND and NOR gate 

-M^Jgipje mentation Using NAND Gate 

are mel h°ds to implement am given Boolean expression using NAND gate. 

.Method I : The ste ps are as follow *; • 

Step I . Draw AND, OR and INV circuit for given Boolean expression, 

ii) Step II : You have already built standard blocks for AND, OR and INV using NAND Simply go on 

replacing it by standard block. 

Step III : Check for any double Inversion. Remove if any. Because double inversion (a) is variable 

itself ( A), ! 

Let's see example for same. 


Implement IJ + KL using NAND only. 

The circuit using AND/OR is shown in Fig. 3.65 


Io 1 N I*J 



Fig. 3.65 

AND 1 



Fig. 3.66 
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)R by standard block as shown in Fig. 3.66. If you observe Fig. 3.66 NAND 
.ersion. These two gates can be eliminated. we get reduced form as shown 




Fig. 3.67 

trod you have to simplify equation and bring down it to form A • B . so that it 
by NAND gate. Only you should take one precaution that you don't manipulate 


ression, you si mply double comp lement the equation, for e g. take 1J + K.L 
K • L = 1 • J • K ♦ L 


* X-Y (x = 1-J .Y-K-l) 

-4 NANAD 1 

—4 NAND 2 

1AND 3 
mi in Fig. 3.67. 

following expression using NAND gate ; 

+ AB (ii) Y = X + WZ (iii) Y = C • (A + B) • D 


AB + AB = AB 
show n in Fig. 3.68 (al. 


AB 





D 




i 


(i 






ln ''"'He \anabk. ) 


Or 


'£«•! 


(u) y 


XfWZ * x.wz 
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The 


circuit i» ai shown in Fig 3.68 (b) 



3.68 (b) 

(HOY - C • (A ♦ B) -D 

n tlic ..bene equation if we double complement equation and simplify it. AND will be converted to 
UK . /. tlic steps arc 

Y ’ [ C ( )] D -I< b]. d 





5 

4 


? 

$ 

k 


C ♦ AB • D - c • A» • D ( • AB . D 



NA ND 6 is used to adjust last sign of coniplemenf 

3.13 Implementation Using NOR Gatej 

There arc two methods to implement am given Boolean expression using NOR gate 
Method I : This method is same as we implemented for NASD gate 

/ Step I : Draw ANDOR/1NV ctrcuit for grven Boolean expression 

Step II : We have already but ft standard block for ANDOR/TNV using NOR gate Simply replace it by 
standard block 

nJIL L rhrc k fnr dmibic tmcn<on ' 

Y . 
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say 

L, Implement this using NOR only. 

ws AND/OR/IN V circuit. Fig. 3.70 shows equivalent NOR circuit. 



Fig. 3.69 Fig. 3.70 


lis case you have to bring down equation to A + B form by simplification. To achieve 
uble complement the equation. For example 

KL= I J + KL = I J • KL = [T + J] • [ic + L] = I + J + K + L 

<LL 

is as shown in Fig. 3.70. 

'iOR in DIP Package. 



r 0 (A) : 7400 -> NAND Fig. 3.70 (B) : 7402 -> NOR 
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Boolean Algebra and Logic Gates 


and X- h NOR CUSSi ° n S ° ***’ WC Saw that an Inverter or a bubble was placed at the output of NAND, NOR 

-it inn , r ® ates - Normally only bubble also represents Inversion (complement). But placing bubbles 
at input of gate, affects its operation. 

IjOP^LlybbledMlDg^te 


Let's refer Fig. 3.71 



Inputs 


Output 

A 

— 

B 

— 

A 

B 

Y 

0 

0 

1 

1 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 


(a) 


(c) Truth table 


(b) 

Fig. 3.71 

Fig. 3.71 (a) shows inputs A and B are Inverted and then given to AND gate. The same circuit in 
modified representation can be shown as bubbled input. The total gate is then referred as Bubbled AND 

gate. The O/P of bubbled AND is Y = A 

bubbled AND is equal to NOR gate. 

Now take NAND gate and apply bubbled input. 


B = A + B . A + B is equation of NOR gate. 




Inputs 


Output 

A 

B 

A 

B 

Y 

0 

0 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 

1 

0 

0 

1 1 


(b) 

Fig. 3.72 

Fig. 3.72 (c) show that truth Table of bubbled NAND is equal to OR gate. 


(c) Truth table 


Input Bubbled OR gate 


Fig. 3.73 shows two input bubbled OR gate. 




Y = A + B 

-o 

= A • B 


Inputs 


Output 

A 

B 

A 

B 

Y 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

l 

1 

0 

0 

0 1 


(a) 
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(b) 

Fig. 3.73 


(c) Truth table 





I ■■ ■ ' 7 

I / 1 

■D igital r j A 

2z§Z 1 Bool ean A lgebra and Logic Gates 

truth Table bubb,ed OR gate is nothin g but NAND gate. This collusion you cafi derive by observing 

Now let’s take bubbled NOR. 


J = A + B 

>0 

= A • B 


Y = A + B 
-o 

= A • B 


( a > (b) 

Fig, 3.74 

Bubbled NOR is nothing but AND gate. 

Conclusion : 


(1) Input bubbled AND is equivalent to NOR gate. 

(2) Input bubbled NAND is equivalent to OR gate. 

(3) Input bubbled OR is equivalent to NAND gate. 

(4) Input bubbled NOR is equivalent to AND gate. 


} 

i 

Jmj 

uts 

“T 


Output 1 

$ 

4 

■ 

A 

B 

a] 

B 

Y 

'j 

i 

0 

0 

i 

1 

0 

f) 

8 

0 

1 

i 

1 

0 

k 

1 

0 

0 


0 


1 

1 

i 0 

1 V 

__lJ 


(c) Truth table 


Ex. 22 : Represent following expressions in terms of input bubbled AND and OR gate 


(i) Y = A + B + C. 

Soln. : First draw actual circuit and then replace it by equivalent bubbled gate. 



(a) Actual circuit 0>) Bubbled logic circuit 

Fig. 3.75 (i) 


(ii) Y = AB + AB 

Fig. 3.75 (ii) shows actual and equivalent circuit. \ 
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AND 




M (h) (c) 

Fig. 3.76 

As shown when either A or B, or both are 'LOW' O/P is logic 'O’ and LED is OFF But when both 
puts are asserted HIGH Of? will be HIGH and LED will lit 


Here I would like to define Assertion level It is a lev el necessary to cause an event to occur. 

But in some circuit assertion level is 'active low', i.e. event occurs when there will be 'LOW logic 
usent at input terminal. Refer Fig. 3.76 (b). As shown input to AND get is bubbled, therefore w hen 
her of the input, or both arc at HIGH logic, output is 'LOW', therefore LED is OFF But if both the 
puts are asserted with 'LOW' signal. O/P will be HIGH and LED will glow Normallv active low inputs 
: represented by providing 'over baf to it, as shown in Fig 3.76 (c) 


The wav we have active low inputs, we can also have active low output Presently lor Fig 3 76 (a). 
, (c) output is active HIGH. To convert active HIGH to active low. simply put Inverter (NOT) gate at 


; output Thcn y° u can labcl Of? Instead of Y. Y • Y represent active low output 
Positive Logic : It is logic in which all the Boolean variables and Boolean functions 
senbed i.e. logic 'O' corresponds to OV and logic 1 corresponds to +5V 


behaves as 


Negative Logic : In Dos normal meanrng of binary rs interchanged i.e log.c V corresponds lo +<V 
lXms 0rrcSP ° 10 ° V ^ a " B0 °' Can V8riab,CS and B °° 1Can behaved L arc 



Scanned by CamScanner 



i tied arc 


5 (ii) 
e lea) 

met I 


Digital 


3-60 


Boolean A lgebraandU^ Gate$ 





fl>) 


(c) 


to 


_ Fig. 3.77 

Rg. .1 77 illustrated full Table showing negative and positive logic. 

“ Cq " iVale “ 10 n ' ga ‘ i ' e ' 0g,C OR ’ P ° 5i,iVe l0R,C NOR “ 

Normally negative logic is rarely used 


Scanned by CamScanner 


>-• A : ?.L 



, v<.arnau9V\>Aap 


3-61 


(May 96, 4 Marks) 


, , ' ~ --Bsotean.AJasbra jadL^ Ga(es 

U niyersjjy Papers j 

' ( ** c *® ,low ing using Boolean theorems^ ~ 

... l<A T;7 i8>l 

Simplifying lhc abovc (A + AB " ICO + C D + (C ® D)| 

| A * A ~f~ A A D i A P) A — - 

NOW according to boolean laws. AB ' AB| |<cd + CD) + (C ® D) , 

®A-A- AWA-A-OfllOA-A. a 

and as per output equation of EX-NOR gate 
CD + CD = C © D 
Tlle above equation becomes, 


fA + 0 + o + A . 0J j- c 0 D + (C 0 D) j 


If 


(A| |C © D + (C © D)J 
C © D = A 


then ( C © D ) + (C © D) = A + A 

And according to Boolean law A + A == 1 

= [A] (A + A| 
= fA] [1J 
= A 


1 

L.H.S. = [A] = R.H.S. — > Hence Pro ved. 


• t, v 


t\& 


^ -» ^ A T vu, | 

2. Prove the following expression using Boolean theorems : 

ASfb AB> (A + B) AB ^ ^ 

Ans.: Start from R.H.S. 

(A + B) AB = A ♦ AB + B • AB 
Now according to Demorgan theorem 
A-B = A + B 
Using this in above equation 

= A (A + B) + B(A + B) 


r 


hK 


(Dee., 96, 4 Mai 
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and 


0 * Ae *■ UA * „ 

AB * ab 


BB = I) 


...Ans. 
(Mas 97, 4 Marks) 


J l'ro M . |hcf ^--^LilcnccPro^ 

thl ,, rem , 

A,Bf O + AB + BC + A (B + r 
A "« : Start fro , s C )-»AC+I, + C 

For stmplifH ing lhc lbm , ’ ( AB ^ Br ) ^ A " ♦ AC 

c equation use Oemorgan theorem 


AB + AC + ah c, r . ~ — 

AB • BC -f AB * AC 


I) 


* AB 4 AC + AB • BC + AB 4 AC 
" AB 4 Ar f ABC 4 AB f AC 
" AB( ' 4 AB 4 ab f AC ♦ AC 

* ABC 4 B(A i A) + ( , a f A , 

* AB <' 4 B 4 C ( A f A 

BfAC + I) 4 c 

ij:ML ZM6£ tlL*C. BM > Hence proved 

4, Simplify the following expression us»n C Boolean theorem, : 

(A 4 A B) (A + AB) (CO + C 0 A + CD + CDA) 

A n*.: Simplify i np the equation. 

( A * A + AAB ♦ AB- A f AB • AB) (CD + CDA 4 CD 4 CDA) 
According to Boolean laws 

A A - A, A A - 0 and B • B ~ 0 


...All! 

(Dee. 97 , 4 Marki 


= ( A +()4t)4 0) (CD 4 CD 4 CDA 4 CDA) 
= (A) [C(D + D) + AC (D + D)| 

As D + D * I 

- AJC * I + AC - 1 1 


_ _ ___ 
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A - | A 

A(C + AC) 

A • C' I A • A(' 

= AC + At ' A-A a, 






A(C + C) 
= A 


(.C’ + C , } 


,A ' AI,,IA ' AUmcd , C|, A , n> , ( . 



arks) 


Wntc function tables derived from truth-table for the followit.fi Rates • 

0) AND gate (||) NAND fiate 

(iii) NOR gate (iv) EX-ORgate. 

Ans.: According to the given data 'C' is control input and 'A' is signal input applied to 2-input gate 
See Fig. Q. 3. 5(a)). 

(i) The function table for the AND gate is as shown in Table 1. 


Control input f C f 

Output of 'AND' gate 

0 

0 

1 

A 


A (input) 


C 

(Control input) 


=o 


Tabic 1 


Fig. Q.3.5(a) 


[Here Second input is A] 

This gate is 'enabled* when the control input is high. 

(ii) The function tabic for 'NAND' gate is as shown in Tabic 2. 

The output equation for 'NAND' gate is 

Y = a • B (where 'Y' is output and A, B are two inputs.) 
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Output of 'NAND' gate 

0 

1 

1 

1 1 

A 


Bo olean Alge bra an.fl LqgicGate* 
A (input) 



(Control input) 


Table 2 


Fig. Q.3.5(b) 


[Here Second input is A] 

This gate is enabled when control input is high (1). 

(iii) The function table for 'NOR' gate is as shown in Table 3. 
The output equation for 'NOR' gate is 


Control input 'C' 

Output of 'NOR' gate 

0 


I 

A 

1 

0 


A (input) 



(Control input) 


Fig. Q.3.5(c) 


Table 3 

/Here Second input is A] 

This gale is 'enabled' when control input is 'low'. 

(iv) The function table for EX-OR gate is as shown in Table 4. 

The output equation for EX-OR gate is, 

-Y A 0 B = AB -f AB (where 'Y ' is output and A, B are inputs) 

A (input) 


1 Control input 'C' 

Output of 'EX-OR' gate 

0 

A 

1 


A 



(Control input) 

Fig. Q.3.5(d) 


Table 4 

[Here A is Second input.) 

Here gate is enabled when input is low and high. 

6. Using above function tables, prove the following : ... 

(May 98, 4 Maries) 

(/) NAND gate is enabled keeping control input ’high’ whereas NOR is enabled keeping it 
(ii) Ex-OR gate is always enabled. 

Ai-s.: (i) Using the function table for 'NAND' gate in (Q. 5) we can say, if control input of 'NAND- 
l ate is '()' its output is always high and if control input of 'NAND' gate is 1 its onmm 

' 6 oul P ut >s complemented 
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form of s.KMl A Therr-f sssssisa.™ a, * a - 1 9fl,c Gate, 

Similarly using ,|, c funclion able fo)' 'NOR '|“ b ' Cd kctp, " e “ nlrol W»b II] 


or 

keeping control ,„ put P “ ^ 0K TlKrefore « «■ ■» «•« 'NOR' gale , 5 enabled 

0,) Us,ng ,hc f,Jnc,ion ,;,blc for EX-OR gate in Q. 5 we can say. 

If control input of EX OR a.,.,. lc , 

input of EX OR gate is I us outm cr 1 ' ' o'Hpnt is uncomplemented form of signal A and if control 
gate is al way s enabled C °" ,p,CM,c,,lcd forr " of M ^ ,,al A T herefore we can say that EX-OR 

7. Simplify the following expressions using boolean theorems : (May 98, 6 Marks) 

(0 f (A + AB) (A + AB)| | (CD + CD) + (C 0 D)| 


r 


(ii) X YZ + XYZ + XYZ + XYZ 

(iii) XY + XYZ+ XYZ 
Ans.: (i) Refer the answer of 0 I 
Oi) X YZ + X YZ + X YZ + XYZ 


X Z(Y + Y) * X YZ ♦ XYZ 


According to boolean law Y + Y I 

= X Z • I + X YZ 4 XYZ 
According to Demorgan theorem 

A 4 B 


AB 


As (1 + A * I). 


As (A + A - I) 


= X Z 4 X (Y + Z) + XYZ 
= XZ 4 XY + XZ + XYZ 
= XZ4 XY + XZ (1 + Y) 
= X Z + XY + XZ 
= XZ + XZ + XY 
= Z(X + X) + XY 
= Z • 1 + XY 
3 Z + XY 


. XYZ + XYZ4 XYZ 4- XYZ « XY+Z 


.Ans. 
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( iates 


(m) XY+XYZ + XYZ 
According to Dcniorgan theorem 

A • B = A + B 


= XY + X YZ + (X + Y)Z 
= XY + X YZ + XZ + YZ 
= XY + XZ (Y + 1 ) + YZ 
= XY +XZ • I 4 - YZ ( . A + 1 
= XY 4 XZ 4 - YZ 
= XY 4 - Z(X 4 - Y) 


1 ) 


••• XY + X YZ + XY Z = XY 4 - Z(X 4 - Y) 


H. Implement the following using 2 input NOR gates 

(i) Y = AB + BC 

(ii) Z = A © B 

Ans.: (i) Y = AB 4- BC 

We have to implement the above output 
using NOR gates only. 

Y = AB + BC 


...Ans. 
(May 98, 4 Marks) 


= A B + B C 

= [a + b] + [b + c] 

Circuit will be (Sec Fig. Q. 3. 8(b). 

A 
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Z = A © B 
1 of EX-OR gate 

Z = AB + AB 

Z = AB + AB (7 A = A) 


= A + B+ A + B 

ng the above using NOR gates 
A 



g INVERTER by NOR gate we get, 
A 
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Y - AB ■+ AB can be written as. 


Y = AB + AB ; Simplify this, we get, 

Y = AB • AB 

implemented using NAND gates. Output of NAND gate is Y 



Fig. Q.3.10 (a) Fig. Q.. 

can be represented as single input NAND gate as shown in Fig 
). 3.10(a) can be represented as, 



Fig. Q. 3.10 (b) 


table of a comparator and an EX-OR gate are as follows. A anc 










3-69 


Digital 


— O -QV 

1 *• Prove the fo||owi n » . ° 0l8an Aly * b,H 8,1d < iutw, 

^ eNN ,,n ,,!,in U Boolean theorems • 

<B + A) <B + O) (A ♦ C) (C + „) . BC + AD ’ <JU " 1 ' n - 4 Mart ‘" 

< B + A),B + D)(A + C)(C + D) . BC + AD 

. .. “(B’B + B- D + AB + AD)(A-C + A-D+C-C + CDi 

Ac cord, „g boolean law A • A . A 

* (B + BD + AH + AD) (AC + AD + c + CD) 

I B (• + D + A) + AD | | C (I i D + A) + AD| 

= I B • I + AD | | C • I + AD| 

= BC + BAD + CAD + AD 
= BC + AD |B + C + 1 1 
= BC + AD 

L - H - s -.l B C + AD~''^~THa^rovcd: [ Ans 

12. Prove the following using Boolean Theorems : 

(i) l(C + CD) (C + CD)) )(AB + AB + A © B)| = C (Dec. 99, 3 Marks] 

(ii) ABC + ABC + ABC + ABC = AB + AC + BC (Dec. 99, 3 Marks] 

Ans.: (i) [(C + CD) (C + CD)| f(AB + AB + A © B)| = C 


...Ans. 


(Dec. 99, 3 Marks) 
(Dec. 99, 3 Marks) 


L.H.S. 

As per boolean law, 


= IC -C + C • CD + CD • C + CD • CD I |AB 4 AB + AB + AB) 


A • A = A 


A ■ A = 0 


= [C + 0 + 0 + 0| |AB + B(A + A) + AB| 

= C|AB + B(l) + AB| C.A + A = 1) 

= C[B(A + A) + BJ 
= C|B +B| 

= C[1J 

= c 
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Boolean AlflebraandJ^oaic Gates 



(u) ABC + ABC + ABC + ABC = AB + AC + BC 
According to boolean laws, 

A + A * A A + A + A = A 

Therefore bidding two tenns of ABC to L.H.S of the above equation 
L.H.S of the above equation becomes 

= ABC + ABC + ABC + ABC + ABC + ABC 
Rearranging the tenns. = ABC + ABC + ABC + ABC + ABC + ABC 

= BC(A + A) + AC(B + B) + AB(C + C) 

As A + A = I * BC + AC + AB 

« AB + AC + BC 

. L.hX~= AB + ACTBC - R H S~-> Hence proved 


...Anx. 

□ □□ 
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Minterm, Maxterm and Karnaugh Map ^4) 


Syllabus : 

Switching equations, canonical logic forms ; sum of product and product of sums. 
Karnaugh maps ; Two, three and four variable Karnaugh maps. Simplification of 
expressions, Quine-Mc Cluskey minimization techniques. 


- 

i 


F“ 

Name of the Topic 

1 

Section 

number 

1 1 
11 

Theory 

J 

Problem* 1 

• Minterms and sum of minterm form 

... 

4.2 


V \ 

— 

• Maxterm and product of maxterm form 

4.3 | 


s 1 

• Algebric construction of maxterm using 
boolean expressions 

4.4 



V \ 

• Reduction technique using K-map 
| * 

t 

1 45 


li v \ 

• Grouping of variables in K-map 

4.6 


It ' \ 

• K-map for POS form j 

: 4.7 | 

J 

j! ✓ 1 

• Minimising boolean expression using K-map 

T 

4.8 

m 

i! v 

II 

^Quine MC-clusky method or tabular method 

<•9 

IB 

1 — -j 


Comments 

• Knowledge of K-map is required, throughout the subject. 

• K-map is important from all the angle. 

• Concentrate on 4.5/6/7/8. 
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4. 1 Introduction : 


4-2 


Minterm, Maxterm & Karnaugh M ap 


s 


** ->dK, J logic gats-* arid boolean algebra. Using boolean theorem we have manipulated logical 

. * j r |* j! ; a,1Tl manipulation was, to reduce logical expression considerably. To realize 

’ K f* r ~ ‘ 1 )T> we u ' se - so by reducing logical expression, we are reducing number of gates 

i 2 j r ^ n indirectly will result in the reduction in cost and increase in reliability of the circuit. 

i* whapter, we will concentrate on one more technique of reducing logical expression i.e. Karnaugh 
map (K -map, But before that let's introduce yourself to maxterms and mintenns. 

42 .Minterms and Sum of Miniterm Form : r 


LptiJl now we have solved mam problems. In that one Boolean expression was given to you and you 
* ere supposed to minimise it. But here, you may' ask, from where do we get actual Boolean expression 
which we are suppose to minimise ? 

The answer of the question is very simple. In actual practice you will decide some variable A, B. C. D 
etc., depending upon number of inputs from different sensors. After getting particular combination of 
input you want that O/P temnnal should give you logic 1. But for invalid combination of inputs, you 
require O/P to be low (logic 0). Thus again you are going to formulate truth Table. Here for understanding 


m# 

m } 

m. 


I Decimal 

1 

1 

Inputs 

Output 



I A 

\ 

B 

Y 


0 

0 

0 

0 

-> AB 0 • 0 = 1 • 1 = l" - 

i 1 

0 

1 

1 

-> AB 0 • 1 = 1*1 =1 

1 2 

1 

0 

1 

>1 

s. 

i 

• 

O 1 

11 

• 

II 

L , 2 ! 

1 

1 

1 

-> AB -» 1-1 = 1-1 =lj 


Variables should be 
adjusted in such a way 
that you should get logical l 


Table 4.1 


So you require O/P to be high, when A = 0, B = 1 ; A = 1 B = 0 and A = B = 1. So whenever you 
require output of circuit to be T that particular term is selected. As shown in Table 4. 1. on the left side, 
we have written ntj, and m 3 ; where m stands for minterm. In general we have m, where i varies 

from ’O' to some finite value. The function m, is called the i* minterm function, or simply the i th 
minterm. 

So from Table 4.1 we conclude that our output is T for m,. m,, m 3 . Function f(x) can be written 
in the following sum of mmterms form. 

f(x) * m, + + m 3 (where ’+’ denotes OR sign). Here wfe are suppose to select minterms those 

generates O/P logic 1 only. 

r (A, B) = m, + + m, ^ 

• • O/P Y is also function of m,, m^ which is written as Y = AB + AB + AB (2) 

We have selected only those terms which has O/P Y = 1. Now let’s see 
7ase f : A = 0, B = 1. 

/. Y = AB + AB + AB = 0* 1 + 0-1 + 0- 1 * 1 • 1 + 0 • 0 + 0 

— 1 4 - 0 + 0=1 

aieU : A*1B = 0 

Y * AB + AB + AB * 1 * 0 + 1 • 0 + 1 «0 * 0 • 0 + t ♦ 1 + o = 0 + l + o * 1 
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-Mjgter m, Maxterm & Karnaugh Mnp 


c * s eDI : A ='77^77' 

Case ,V : L = «, + 0 ^ + ^ • T + + a + 0 + 0 + , = , 

^ AB + AB + AR (Tu * r 

- _ (Tlus fomns sum of product (SOP) form) 7 

We get here Y = ft h + ° ° + ° * 0 = 1 * °_+ 0 * 1 + 0 = 0 + 0 + 0 = 0. 

Now, but a. this 

Y = AB + AB + AB So n “ mC ,ha ‘ C<,Ua,i0n f ° r 0R ■ Y - A + B, bu, we have. 

_ B S ° ' lel s reducc '< (minimise the equation). 

Y = AB + AB + AB = B (a + a) + AB = B • t + AB 

~ B + BA = B + A = A+ R . I v _ a — 771 

The equation fix) = m + ^ A f B 1 ^ equation for OR (reduced). 

rt _ .. ^ m i +m 2 + m 3 (for OR gate) 

or generalised f(x) = m / Y u m ✓ x , 6 ; 

can he ale •** dK b( x )+ ••• + m k (x) is nothing but SUM OF MINTERM form. Tlus 

VcUl oo aiso written as, 

f (A, B) = (i 2 , 3). 

X = Summation (logical ORing). 

m = min term. 

1, 2, 3 = nqthing but numerical value showing m,, m, and m v 
f (A, B) = function of variable A and B. 

f (A> 2-01 (1, 2, 3) is also called as Numeric Form. Let's take one more example to understand 

the concept. 


= 8 . 


Ex. 1 : f (A, B. C) = Sm (O', ~1 , 4, Tj. 

Soln. : 

(a) f (A, B, C) — » means we have three variables. 

/. Number of decimal state = 2 n n = Number of bits or variables. .-. 2 n = 2* = 

(b) Here Xm (0, 1, 4, 7) means 

f(x) = 1 % + m ; + m^ + m 7 i.e.' O/P is HIGH only at ABC = (0 0 0) 2 , (0 0 1) 2 . (1 0 0) 

(1 1 1) 2 - 

For remaining all minterms i.e. 2, 3, 5, 6 (m 2 , m 3 , m 5 , m 6 ) O/P is Low. 

Let's make truth table. 


m 0 

m, 

m 2 

m 3 

m 4 

m 5 

m 7 


Decimal 

Inputs 

Output 

A 

B 

c 

Y 

0 

0 

0 

0 

1 

1 

0 

0 

4 

1 

2 

0 

1 

0 

0 

3 

0 

1 

1 

0 

4 

1 

0 

0 

1 

5 

1 

0 

1 

0 

6 

1 

1 

0 

0 

7 


1 

1 

l 


ABC 

ABC 

-> ABC 

-» ABC 


Table 4.2 
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m o ~ (° 0 0 ) 2 = A B C 

m, = (0 0 1) 2 = abc 

,n 4. = (1 0 ()) 2 = A B C 

m 7 * (1 l 1) 2 = A B C 


Minterm, Maxterm & Karnaugh Map 


We can write minterm ABC = 0*0*0= 1*1 *1 = l 

We can write A B C = 0 • 0 • 1 = 1 - 1 • 1 = 1 

We can write A B C = 1-0*0 = 1*1*1= 1 
We can write A B C = 1 • 1 • 1 = 1 


+ m , + m 4 + m 7 - ABC + ABC + ABC + ABC . Now minimise it 

= AB (c + c) + ABC + ABC = AB + Ab£ + ABC 
= b ( a + ac) + abc = b(A + c) + abc 

. Convert following numerical form into sum-of-minterms OR sum of product form . 

(OF (A, B, C, t>) = Xm (1, 2, 3. 6. 7,15). 

sold. : (a) There are four variables A, B, C, D. No of states are = 2“ = 2 4 = 16 = 0 to 15. 

m (1, 2, 3, 6, 7, 15) means Ouput Y is high only for m,, m 2 , m 3 , m 6 , m 7 and m 15 . For 

remaining states Ouput = 0. Let's write down truth table. 

(c) Truth Table is, 


m c 

m, 

lllo 

m ? 

m, 

m ; 


mr 


m 

m 

m 


10 

11 

12 


m 


ni 

m 


13 

14 


15 


Decimal 

Inputs 

Output 

A 

B 

c 

D 

Y 

>o 0 

0 

0 

0 

0 

0 

i 1 

0 

0 

0 

1 

1 

2 2 

0 

0 

1 

0 

t 

1 

1 ** 

0 

0 

1 

1 

1 

4 

0 

1 

0 

0 

0 

5 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

10 

1 

0 

1 

0 

0 

11 

1 

0 

1 

1 

0 

12 

1 

l 

0 

0 

0 

13 

1 

l 

0 

1 

0 

14 

1 

l 

1 

0 

0 

1 15 

1 

l 

1 

1 

1 


-> A BCD 
ABCD 
-» ABCD 


-> ABCD 
->ABCD 


ABCD 


Table 4.3 
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t0 8Ct ac quauued With procedure 

(A): Represent minterms for 
numerical form : 


_Minterm. Maxtarr n & Karnaug h 

following^expressions. OR^p res6nt the , ollowing txpnnim r 


add two more variables i.e. B and C. 


Soin -u (i) / (A ’ B| c ’ D) * AD 
• Here F fA r p r\\ j. 

Tk ;::;^'- 0 you ^ you - *° 

, d ' • TlUS _ m " h °d we have already seen 
Write Y = AD 

= A-(B + i).( c + 5). D 
(ab + ab) • (dc + Dc) 

= ABCD + ABCD + ABCD + ABCD 

ABCD + ABCD + ABCD + ABCD 

^ ^ II 

(0 0 0 1) 2 (o 0 1 1) 2 (0 1 0 1 ) (0 1 1 1) 2 

^ i 4, i 

1 ( m i) 3 (m 3 ) 5 (m 5 ) 7(m ) 

;• F (A. B, C, D) = £ m (i 3 5 7) 

In this unknown variables are replaced by x 3 and known variables are replaced by 0 or 1 
v^bles^ B giVCn eXpreSSi ° n In our case we knovv that w e should have four 


..(4) 


MSB 



>i ». 

LSB 

A 

B C 

D 

0 


1 


A should be put *0’ because it is A. 
D should be put T because it is D. 


MSB 

*1 

x o 

LSB 

A 

B 

c 

D 

0 

0 

0 

1 

0 

' 0 

' 1 

1 

0 

1 

0 

1 

0 

1 

1 

1 


Equivalent 
Decimal 
1 
3 
5 
7 


1 . 1 ... ~ J - - " * ~ r ' 

Finally F (A, B, C, D) - Xm (1, 3, 5, 7) > numerical form. 


I Note : In this case there was only one expression, we have prepare only one Table. But if we 

have more expression, we have to make that many number of Tables. 


Ex. 2(B) : Represent the following expressions in numencal form : 
© F (A, B, C, D) = ABC ♦ BD. 
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(Hi) 

s oln. 


F < A . B) = A + i 
(a) Term A 


4-0 


Minterm, Maxterm & Karnaugh Map 


88 1 

A 

__B_ 

1 

0 

1 

t_ 


(b) Term B - o b * (). 


Note 


2. 3) 


(2) ,o 

(3) .o 


representing any loqical fi ^ 3S Equation ( 3 ) and Equation (4) is a standard way of 
CANONICAL DlSJUNCTIVp 0 ' S Cal ' ed th ® CANONICAL SUM OF MlNTERMS FORM OR 
expression is simply an OR F ° RM (dis ^ Unction is another te rm for OR) This type of Boolean 
■Produc t term cnntai.i ° ^ Um a " m ' n t erms . with each minterm expressed as an AND 


jyLaxteirn and^Pr oduct of Ma xterm Form . 


we consider output Minterm form wc obtain Maxterm function. As we have seen in minlcmi 

i.e. of OR gate Th ^ * U max * erm we consider output logical 'O'. Wc will take same example 



Decimal 

> . 

Inputs 

Output 

A 

B 

Y 

M 0 

0 

0 

() 

0 

M, 

1 


1 

1 

m 2 

2 

1 

0 

1 

m 3 

3 

1 

1 

1 


A + B 

= 0 + 0 

= 0 

A + B 

= 0+1 

= 0 

A + B 

= 1+0 

* 0 

A + B 

= 1 + \ 

» 0+0=0 


Table 4.4 

V, 

If you observe, we have written terms in such a way that final answer you should get is 'O' i.e. when 
= 0, B = 0 we have directly taken A + B. If you compare it with minterm you will find that, in liuit wc 

. • A r» I * _ ...... it.,,4 .... ...4 111 


/. output 
Take one more 


J^ie of AND gate. Truth table for AND gate is as follows 


lap 


A B 

1 

0 0 

♦ (»),0 

_ 1 0 

♦ ( 2), 0 


used to write 'product' term i.e. A • B and in such a way that we get answer T. 

But in maxterm we should write down terms in 'sum' form and finally wc arc going to put it Product 
nf cjim (POS) form. Secondly for maxterm we use capital letter 'M\ 

7 We are going to select only those term which will provide output 'O' logic. only M 0 maxterm 

provides^ output.^ ^ ^ wri(ten in the following Product of maxterm (product of sum) form as 

follows : . 

f(x) s M o 

f (A, B) = M 0 

AD f/A B) * re M (0) — T 

OR — LLj sign. For maxterm we use 'ft' sian. M — > maxterm. 

minterm wejyaveusea^^a 

~ ^TTaTb] * equation for OR gate. 
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4 10 


Minlerm, Maxtfrrn & Karnaugh Map. 




n 

4 





i Ikxintiil 

1 

Inputs 

Output 




I 

A 

It 

V 




! o 

0 

0 

0 

> 

A + 13 

M, 

t 

0 

1 

\ 0 

> 

A + B 


> 

#. 

1 

0 

0 

> 

A + B 

M, 

\ 

1 

1_ 

1 

-4 

A + B 


Table 4.5 

Km AND gate output V is 1'unciion l\x) 
ttx) M, ■ M, • M . (Product of maxterm form) 

t\A. m M t> * M, ♦ Mj* 

t\A. B^ rr M (0. 1. 2) (Numeric form). 

output V vA + B) • (a + b) • ( A + b) (Product of sum form (POS)) 

Let's simphfx because ;ts far as we know output Y for AND gate is A. B. 

•\ Y (A * A 4 A • B 4 A • B + B ^b) (a + fi) 

* (a + A B + A • B ♦ «) (a + b) * |^A (l + B + b)J (A + b) 

| A (D) (A 4 b) * A (a + b) - A • A + AB = 0 + AB |Y = A B 


•(5) 


L ets solxc some examples. 

Ex. 3 : Simplify following 

w (i) F (A, B. C) = x M (0. 2, 4, 6) 

Soln. : (a> In the problem maxterms are given. Maxterm gives you POS form. 

(b) Number of variables an.' three -» A, B. C. 2 s = 8 states arc there. You have to make 
truth table. Showing logic ’O’ output for maxterm 0. 2. 4. 6 and logic 1 for remaining. 

(c) Tmth Table is. 



Decimal 

Inputs 

Output 



A 

B 

c 

Y 

Mo 

0 

0 

0 

0 

0 

> 

A + B + C 

M, 

1 

0 

0 

1 

1 

» 

A + B + C 

Mj 

2 

0 

1 

0 

0 

> 

A + B + C 

M, 

3 

0 

1 

1 

1 

> 

A + B + C 

m 4 

4 

1 

0 

0 

0 

) 

A + B + C 

m 5 

5 

1 

0 

1 

1 

— -* 

A + B + C 

m 6 

6 

1 

1 

0 

0 

— > 

A + B + C 

m 7 

7 j 

1 

1 

1 

1 

— » 

A + B + C 


Table 4.6 
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riA.H. Cl - M u' 


. 4 - 1 1 


Y • 


„a. „ o - M M ' w 

• w * «• ) - M, M 7 M„ M /p . — 

'a^m'ha,.;, - ll " ,; ' of mM,cn ") ‘ 

|a. A + aL ’■ (A + B + c>'(* + b + c> 

<• ' BA + BB + BC + CA + CB + c • c] (a + B + c) 


')] (a + B + c) (a + § + c) 


(a f B f c) 

- [ A ^ B : Ac+AB+ " +Bc + Ac + B c + c ](x + B +C ) (x+ g +C ) 

[ a (|+B + c + b + c) + c(b + § + i- 

■ ( a + C)(a + B + c)(a + b + c) 

■ (A + c, ( a ' a + ab + ac + ba + bb + bc + ca + cb + c-c) 

(A ' C u A + AB + AC + AB + 0 + BC + AC + BC + c) 

“ (A + C) [a (l + B + C + B + c) + C ( | + g + B )] 

= (A + C) [a • 1 + C • I ] = ( A + C) (a + c) 

= A • A + AC + AC + C • C 
- 0 + AC + AC + C 

* c(i+a + a) = c- i = c. 

directly take thrise teirn°!i l C "' r ,n « hod 1 ' 0 solvc “"ample. Here one need nol write down full Table. Yon 
Uy ,dk . C ‘5° se lcm, > s P ec,ficd •» «* expression. For our case the terms are (0. 2, 4, 6), and write down 




maxterm, the Table is shown below. 
F (A, B, C) = n M (0, 2, 4, 6) 
ABC 
0=0 o 0 


2 = 
4 = 
6 = 


0 

1 

1 


1 

Jd 

1 


0 

0 

0 


-> 

-» 


A + B + C 
A + B + C 
A + B + C 
A+B + C 


0 + 0 + 0 
o + T + o 
\ + 0 + 0 
T + 1 + o 


= 0 

= 0 

= 0 

= 0 


4.4 Algebraic Construction of Maxterm using Boolean Expressions : 


We can algebraically derive product of maxterm expression for a function using the properties of 
Boolean algebra. For example let's say we have equation for AND gate. 

Y = A-B 

We can introduce any variable which is missing into term AB by ORing the factor x.x (where x = any 
variable) (x • x = 0, AB + x x = AB + 0 = AB, means we are not playing with actual equation.) 

After adding the term xx use law of distribution and simplify unless and untill you get maxterm. Say for 
an example Y * AB can be also written as, 

Y * AB + 0 = AB + BB 

* (AB + B) (AB + B) > Distributive Law 

* (AB + B + 0) (AB + B) * (AB + B + AA) (AB + B) 

.. ^ -• - -• — — — 
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( (AB + B) + A) ((AB + B) + A) (AB + B) 

[A + AB + BJ [aB + B + a] [§ + Ab] 

= [A (1 + B) + B] [b (A + 1) + a] [§ + Ab] 
= [A + B] [b + a] [§ + AB] 


AB = (01) 2 

= ( 1 ) i o 


- (A + B) (A + B) (B + A) 

*'• FinaII y we ^ve Y = (A + B) • (A + B) • (A + §) , 6l 

li li : { ) 

0 + 0 I + o o + T 

AB =(00) 2 AB = (10) 2 

: y - m w = (0) *° = ( 2 )io 

• • Y - M 0 * M 2 • Mj 

Mq. Mj • M 2 , where M = Maxterm. 

Equation (6) with Equation (5). Both are same. Thus we have to break down equation so that 
we get maxterms ONLY. 

Let's solve some examples to clear the idea. 

Ex. 4 : Express following functions as product of maxterm : 

(0 F (W, X, Y , Z) = Y Z + WXY + WXZ + W X Z 

Soln. : F = YZ + WXY + WXZ + WXZ 
Double Complement full equation. 

F = YZ + WXY + WXZ + WXZ 


= YZ • WXY • WXZ • WXZ 

= (y + z)(w + x + y)(w + x + z)(w + x + z) 

•» (y + z + xx)(w + x + y + zz)(w + x + yy + z)(w + x + z + yy) 

= (y + z + x)(y + z + x)(w + x + y + z)(w + x + y + z) 

(w + X + Z + y) (w + X + Z + y)(W + X + Z + Y) (w + x + z + y) 

= (y+z + x+ww)(y+z+x+ww)(w+x + y + z)(w + x + y + z) 
(w+x + y+z)(w+x+y + z)(w + x+y + z)(w + x+y + z) 

= (w+x + y + z)(w+x+y+z)(w + x + y+z)(w+x + y + z) 

(w + X + Y + z) (w + X + Y + z) (w + X + Y + z) (w + X + Y + z) 
(w + X + Y + 2) (w + X + Y + z) 
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Plait ii i 

Rcn,OVc co^iiuon term. 


_4 — 1 3 


— Y (w 7 X 7 Y ; z) (w + X + Y + z) 


& Karnaug h Map 


W+X+Y+Z 
W + X + Y+ Z 
W+X+y+z 
W+X+Y+Z 
W+X+y+Z 
W+X+Y+Z 
w + x + Y + z 


M 


* M, 


X + Y 

+ z)(w + X + 

y + z) 




o + o + o + T 


(0 0 0 1) 2 


d)l0 

=> 

7 +0+0+1 


(10 0 l)j 


(% 


o + 1 + o + 1 


(0 1 o 1) 2 


O),o 


i + T + o + 7 


0 1 o 1) 2 


<»>10 


7 + 1 + o + o 

=> 

(1 1 0 0) 2 


02), o 


7 + 7 + 7 + o 


dll o > 2 


(M),o 


o + o + T + 7 


(0 0 1 1) 2 


O),o 


1 1 2 


M n • M 


u 


x ■ 4(A) . Express the following functions as product of maxterm : 

'(0 F (A, B, C, D) = AD + BD + BD 

Soln. : First simplify this, 

Y = AD + BD + BD » AD + D (b + b) = AD + D • l 

V = D. 


D (l + a) « D- 1 = D 


Y = D + 0 = D + A • A = (D + A) (d + a) = (d + A + Bb) (d + A + Bb) 

= (A + B + D CC) (a + B + D + Cc) (a + B + D + Cc) (a + B + D + Cc) 
= (a + b + c + d) (a + b + c + d) (a + b + c + d) (a + b + c + d) 


(a + b + c + d)( 

A + B+ C + d) (a + B + C 

+ d)(a + b + c + d) 

A + B + C + D 

=> 

0 + 0 + 0 + 0 

=> 

(0 0 0 0) 2 


<0)io 

A + B + C + D 

=> 

o + o + 7 + o 

=> 

(0 0 1 0) 2 

=> 

(2),o 

a+b+c+d 

=> 

o + 7 + o + o 

=> 

(0 1 0 0) 2 


Wio 

a + b + c + d 

=> 

o + 1 + 7 + o 

=> 

(0 1 1 0) 2 

=> 

(6)io 

a + b + c + d 

=> 

I + o + o + o 

=* 

(1()0()) 2 


(»),0 


- -A 

- - 

r) 

(1 0 1 0) 2 


00)jo 

a + b + c + d 


1 +0+ 1 +0 





a + b + c + d 

=> 

T+ I +o+o 


(1 10 0) 2 


02), o 



--- 


(i 1 1 0) 2 


04), o 

A+B+C+D' 

—V 

1 + 1 + 1 +0 





M,j M 2 M 4 M 6 M g 

M l0 M 

12 ^14* 






) F (A, B, C, D) s A + B. 
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V a /term & K arnaugh Map 


* A 


* * * *(a + b + c)(a + b + c ) 

'***+<+ f Aj) f A *BfC*OD) 

^A *• ft * r . ♦ 0)(a * ft * c + £>) (a a B ♦ C a d) (a -i- B + C + d) 

^ U Jl 

^>10 (0 II 0\ (0 1 1 1 ^ 

* X u 

5 6 7 


X 

'tV > 'V 

•J. 

t 


V>M ; 

/ 


^ vf 4 . Vf 7 
s > % * a «■ y. 

7 - J * ft'' 


A • ftC 


(a + c) 


* ('A *• ftft ) f AA * ft ♦ f ) 


* (a 

- B)(a + b)(j 

K * B ♦ 

c) (a 

+ B ♦c) 



* (a 

+ &*cc)( a * 

ft ♦ r /; 

Ha* 

B ♦ C) (a j 

- B * 

c) 

- r> 

< ‘ A > 

■ b * r 

)(a> 

b*c)(_a 

♦ B 4 

:£ (a> b + C 

- ( A 

+ * + c)( a ♦ ft 

*c)( 

A * B 

♦“ c)(a ♦ B 

♦c) 

(a + b *c) 


A * ft 

*c 

=> 

(I0 0)j 

=> 

< 4 )|0 


A a ft 

♦ c 

=> 

n o I), 

=> 

(*>,o 


A * B 

♦ c 

=> 

n lo^ 

=> 



A >B 

>c 


(0 1 l)j 

=> 

0) 


A * ft 

*c 


0 1 D, 


<7> w 


7* V Vf, ' vr 5 Vf v M, 


4 f P«rftjrtfor> Tech nique using Karna ugh Map : 

!*Vy 4* wr ***<# K-mmp t 

Z? b0 ° kan To >~;m Auction of 

zrrr, ^ ro rrt ^ s,ep eww *- ™* «* w * Si* zz 

ZT^ZZn " re5 ’" rc 1 me,hWl ; whcb wU1 "*« «* «ST£ 


■ ‘- ...'»*•». K-***. Zfgk-3»/4k- 
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r ** K f 

thm «fcey N M.UV, u -^ 1 1— IMntom> M.,^ m « K I 

;,■; -t: ;: r '~ 1 

^«Od«rd 2 / 3/4 w 

*cfe,F„ ,, 


fr«p 

» 4 r*«,) 


3 V*r*fc4« rruyi 
(S M«a) 



♦ Va r '»t4a rrvtfl 

0« c*«,> 


P ^ 4 1 *• J -"«* 4 ».n*hlr Kan»a«th map, 

» ijlledccth The mtn **ro ( botca depend, upon n s anaNc* 

n *. hoxcawillhe }• . >1 „ 4 

n * '« bo,cx»i!lhc 2* - J* * « 

n " *• tx>xc*»illhc 2* • 2* • If* 

I O', fir* obwnc Mamtud J. 1, 4 >rri , , Jn#k . V ^ 

i * Vartabla K-Map j 

The folKminu M.ip | 2 unable k \l»p 


M'r-f*'"’ '*'.»< A (i 

mp 0 0 0 

m, I 0 t j 

m 7 2 10 

m» J 11 


<B) 1 


10 

1"W* 

la 

1 0 

A B 

t<"V 

2 

*8 

K> 

1 

._! AB 

("S) 

1 


v 9 B 

A \ 0 


a5 

0 

A 8 

1 

AB*" 

(mp 

l 

* J AB 

(™>) 

1 


A'Wt rdcatti 
•low o< gray rxxim 


Map I 


Two variable indicate 4 stales Here A * MSB (by default) The dotted line in K Map indicates 
of gray code 
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The Map II shows 3 variable K-Map : 





Map II 

Total eight boxes are required to represent 8 states. Total 3 way of K-Map is shown. It is upto y 
that which one you remember veiy easily. The dotted line with arrow indicates flow of gray code. 

4 Variable K-Map 

Map in shows basic skeleton for 4 variable K-Map. 
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— — lilZ Minterm, Maxterm & Karnaugh Ma p 



Dotted line indicates flow of gray code. 

fi Variabie K-Map J 

Tlic way five variable K-Map is represented is slightly different from above case, the basic skeleton is 
as shown in Map IV (on the next page). 

Here MSB bit A lias two states 'O' or T. 




r 

i 



Under A - 0 and A 1 , two four variable K-Map are drawn. The numbering sequence is as in four 
variable K-Map. Only when A = 1 then ABCDE = 10000 or 1XXXX, then starting number is '16' 
(decimal) not 'O' (decimal) 

— ■ i . — ■ ■■■■— ■ — - — 

Note : 1 . The K-map, we have drawn are specifically for product terms i.e. minterms. 

2. As seen, each row and column has variable or variables, with its complement. 

3. When we move from one cell to next along any row or column, one and only one variable In 
the product term changes. 

The change is either to complemented or uncomplemented form. THE IMPORTANT POINT 
HERE IS, IN K-MAP WE USE 'GRAY CODES' WHERE ONE BIT CHANGES AT A TIME. It is 
a key factor in the way in which K-map works. 

4. We have shown 2 or 3 ways of drawing K-map, for 2, 3, 4 and 5 variables. You select only 

'ONE* pattern from that, and follow the same throughout your study. 
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DE (DE) 


(DE) 11 


Minterm. Maxterm & Karnaugh Ma 


DE (D E) (D E) 


BC (BC) (BC) (BC) 


4.5.2 Transferring Truth Table to K-map : 


Here I would like to show you, how we should 'MAP troth Table in K-map 
For understanding purpose, I will show you example for 2 and 3 variables. But the 


and 5 variables also. 


same is valid for 4 
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' 4 2 W ; RepreSentati °n of 3-variable troth Table on K-ma„ 

Till this point, we have studied about haci> v 

r - - - - — rr:i;^,i 


Grouping of Variables in K-map • 


nK-Map or 1 are grouped together to get simpUfied Boolean expression. ,f you gr0U p ty vouarc 
grouping maxterms so e,ua.ion you gel is in POS form. Bu , when ycu group you are f 

m, mentis: so equation you get has SOP fotnt. Befote we stan, let's see some defina, ions' 

Pair* ; The group of two adjacent 'O' (or 1 ) is called pair. 

Quad : The group of four adjacent (or 1) is called quad. 

Octet* : The group of eight adjacent 'O' (or 1) is called octet. 

For grouping the variables, there are some standard rules. We will study the same now. 
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Minterm, Maxterm & Kamau^h Map 


4.6.2 Grouping of Variables in Three Variable K—Map 

Map VI shows how variables are grouped in three variable K-Map. 


.BC 


0* 


I*- 


BC ™ 

\ 00 

01 

11 

10 

o 

0 

1 

3 

2 

n 

O 

5 

7 

o- 

6 


(a) 


00 

01 

11 

10 


.BC 


A \ 00 01 
0 


11 10 


1 





p 


( 



jr 

) 





0 ~ 

1 

3 



2 



4 

5 

7 


u 

6 


■►Pair 


(b) 


.BC 


11 10 




V 


t 


1 


— 






0 

>• 

1 

3 


2 


v. 





i £ 

7 


6 


(c) 


Fold back 

Map VI 


(d) 


Map VI (c) shows an interesting case. If the K-Map is folded such that its two end meet, a quad is 
formed. This is referred to as a foldback. 


Ex. 5 : Find the expression for the following K-Maps 

0 ) 


00 01 11 10 



0 

0 

0 

0 

0 

0 

0 


Fig. Ex. 4.5 (i) 


oln. : Refer Fig. Ex. 4.5 (i), since I’s are grouped, the final expression will be in SOP form. 

As you arc aware with the fact that in K-Map we are not supposed to consider those variables, that 

tanges the state i.e. B to B or B to B. We should consider only those variables those remains constant 
ithm the grouping block. 
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Rc(cr Fig Ex 4 5 (1) (a)> as shown c 
remains unchanged (vertically) Now go 

horizontally tire variables are AB and AB. Here A 
is constant but B changes to B. 

. . Neglect B and B because. 

AB + AB * A (b + b) 

= A • 1 = A 

An*. = Y = CA 


00 


Refer Fig Ex 4.5 (ii) 


Horizontal span 
r~ 


\AB 

C\ oo 


Co 


C 1 


AB 

01 


AB 

11 


AB 

10 


Cl 

0 

0 

0 

0 

0 

0 

0 


Fig. Ex. 4.5 (i) (a) 


i Vertical 


0 


© 

0 

0 

0 

0 

G_ 

“0 

0 



Fig. Ex. 4.5 (ii) 

Soln. : Refer Fig. Ex. 4.5 (ii) (a) 

Y a ABC + BC. 

X 1 

group 1 group 2 

/fyou observe group I. only one is encircled, no change of variable is encountered and you have to 
select all the variables covering that box i.e. Horizontally AB, vertically C, Ans. = ABC 
For 2 nd group vertical span is constant i.e. C. 

But for horizontal we have two term AB and AB So A changes to A. So leave it. 

# 

For group horizontally we have ► B 

vertically we have — > C An*. = BC. 

Finally total output Y * 1*‘ group + 2 nd group (SOP form) 


Y - ABC + BC 


Oil) 


Refer Fig. Ex. 4 5 (iii) 
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FI 

1 

i 

1 1 

1 j 

3 

10 

0 


0 

5 

1 

7 

0 

6 


~ — Mlntarm , Maxtarm & Kam.ujh M«p 

Horiz ontal span (or group 1 
5? TT *B AH 




on 


0 c 1 /o o , 


o \ Vortical .pa 

3 ? l J •<>( group 1 


Vertical span 
for group 2 


AB, AB Finally A 


Group 1 ^ — y — 1 

Horizontal span for group 2 Gr ° Up ? 

Fig. Ex. 4.5 (iii) 

H. : Refer Fig. Ex 4.5 (iii) (a) ^ E "’ 4 ' 5 (,U) <*> 

For group 1 : Vertical span , c 

Horizontal span > m ab ... Finally -4 A 

Group 1 -> AC 

group 2 : Vertical span > C, C -» So C + C =■ I 

Honzontal span > AB only. 

" Finally group 2 > AB • 1 '_> AB. 

output Y = AC + AB 
4r J- 

group 1 group 2 

Refer Fig. Ex. 4.5 (iv) 






Horizontal span 

Fig. 

Ex. 4.5 (iv) 


Fig. Ex. 4.5 (iv) (a) 

Refer Fig. i 

Ex. 4.5 (iv) (a) 



Horizontal span > AB, AB — 

-» A only 


Vertical span 

> C, C — 

4 1 


Ans. = A • 1 

= A output Y 

= A 
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1 h'Jltil 

('0 \<uttn I itj I » A >, i 


4 J > 1 


iiti M *V V uti » .go f/<*, 


AM 

i V 00 t) I 


1 1 


10 


0 

1 

«* 

1 

I 

i 

1 

' 

1 

0 

4 

0 

0 

/ 

0 

f) 

Soln. : 

I'lu. Kx. 4.5 (v) 
Hc/cr f*4{ Kx 4.1(v)(ii) 



C o 


1 


m An 

•ii) 

Am 

01 

A M 

11 

a n 

10 

( i 

1 

1 

>**- J 1 ]!* v- 

u 

0 

i 

3 


0 

0 

0 

0 

4 


/j 



I A. ' 

| »o 


r 

Hit fc». 4/Wv>rji) 


(VI) 


Hori/ofiml spun * AH. AM. AM All 
Hoili i lie variables arc clian/'iiij' 

All i AH i All t All 

Vertically > C only 

•'• I oiiijHji v r 

Rofor hy I x A U (vi) 


A(ll Ml) « A ( It Hi) AM » A- I 


A * A 1 


<X H 00 


01 


11 


10 


0 


1 

0 

1 

, 

0 

1 

0 

/ 

0 

-1 

1 

t 

0 

/ 

' 0 

<5 


\Afl 

ex 00 


Am am 
01 1 1 


a n 

10 


ro 


c 1 


/ 



- 


“I 

( 1 

J 


1 

) 

0 

" ( 

. / !i 



1 

1 


/o 


, 1 

\ 

\ 

0 

UPSES -- 1 

0 

4 



t, 

- — c 

0 


/<)»*!' -t] 

'>{/ ft J 

for 
0 oo{> 


h r' ' 
t tM 

T''OJ 


Groups u 'V > — Group 1 

Mon/onlal ipori (or group 1 


Hori/onUil '•.pan for group '/ 

Fiu. Ri. 4.5 (vi) (a) 


Fig. Fx. 4,5 (vi) 

Soln. : Refer Fi^. Ex. 4. 5 (vi; (a) This is specific case of overlap 

Group I : From vertical span -> C, C > | Prom Horizontal span > AH 
group I -♦ Af3, 

fcroup 2 : From vertical span » C only From llori/omal span » AU, Ali , a only 

oulpul Y » AH 4 AC 

*■»*■■= -*~W ' T ■*»•-» • V . J ^ 


N 


group 2 > AC. 

Refer Fig Ex 4 5 (vii) 
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H 

I 



\AB A B AB (T) AB AB 
c\ 00 OIK 11 10 


0 

7^ 

si: 

p> 


0 

1 

3 


2 

0 

4 

0 

5 


0 

6_ 


Fij». Ex. 4.5 (vii) Fi „ E x 4 5 (vii) (a) 

Refer Fig. Ere 4.5 (vii) (a). Now groups arc directly numbered. ' 

output Y = BC + AC + AB 
(1) (2) (3) 

Refer Fig. Ex. 4.5 (viii) 




\AB A B 
c\ 00 


COM 


Cl 0 


A o 



Fig. Ex. 4.5 (viii) 

1. ; Refer Fig. Ex. 4.5 (viii) (a). 

output Y = AC + B + AC 
(1) (2) (3) 


Refer Fig. Ex. 4.5 (ix) 


Fig. Ex. 4.5 (viii) (a) 
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Pj flttal 4 _ 26 

Soln. : Refer Fig. Ex. 4.5 (ix) (a). 

output Y = ABC + ABC + ABC + ABC 
(1) (2) (3) (4) 

= A (§C + Be) + A (BC + Be) =A(AO 
(x) Refer Fig Ex. 4.5 (x) 


Minterm. Maxterm & Karnaugh .Map.. 


B) + A (A © B) 



Fig. Ex. 4.5 (x) Fig. Ex. 4.5 (x) (a) 

Soln. : Refer Fig. Ex. 4.5 (x) (a) 

This is Interesting case of folding. 

(a) For group 1, Answer is C. 

(b) For group 2, we have covered l's of boxes o/A, 2, 6. 

These boxes forms 'Quad'. 

From Horizontal span we have > AB, AB 

> AB + AB 

>5(a + a)->B- 1 — » B 

From vertical span we have -» C + C = 1 
for group 2, answer is B 

Finally 

Refer Fig. Ex. 4.5 (xi) 




Fig. El 4.5 (xi) 


Fig. Ei. 





Minfnrm, M«xtmn * Karnaugh, M«p 


* ‘ ^ 

So,n : Refer Fig |'* 41 (* 00 ,) 
output Y - H * AC 

i l 

(I) (2) 


•I 97 


c ««* 2 variables 4 v«ri!*lcTl^t n**' ^ * Va,, ' ,,,,c K M,,p N(,vv wc «■» K °‘ n 8 to »c 

‘ vmu,hlc * Hut baxie is going u, rcuiiitii name 


see more 


4.6.3 Grouplno of Variable. ln Four Variable K-Map : 

Ciro " Pin * ° f V " ri " blc * "> variable K , n Mnp vlr (1K „ ^ 

Different way, „f grouping under pa,r. quad and octal arc ,l,own. 

you arc iZ ^nrdtral!ll!rcx p r.ir,l '7 "“' V ** h ™ 

You follo w steps as specified : 

[ Step I : 


Step II 
I Step III 


Step IV 


First encircle required number ol I’s for SOI’ form. 

Now take encircling of I's one by one. In one K Map you may have one or more 
encirclements. 

Lets say you have select one of the group. Now carefully observe. 'SPAN' of encircle i c 
how many boxes it has covered horizontally and vertically. Both the directions arc important 
because in both direction we have written boolean expressions. 

Now take vertical direction and sec any variable changing the state. Here changing the state 
means x to x or x to x. If variable is changing neglect it. You liavc to consider only those 
variables, those arc remaining constant. Suppose you got variable 1 J. 

Now select horizontal direction, follow same above rule. Suppose you got variable K only 
Final term is UK. 

The variable may be complemented or uncomplemented. 

Encircling l's, once more is allowed, but you should check that it should not form 
something called as Redundancy . 

The block is redundant or encircling that T is not required, as it will on simplification, get 
cancelled out. This would have resulted in additional hardware. (This specific case is 
mentioned in Ex. 16, Ex, 17). 


Important Note : 

You have to obtain boolean expression using K-map in such a way that further simplification or 
reduction is not at all possible. 4 
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(0 F ind expression for tho following K 


.Mintftffn, K Y 


f/, 


)0 01 



_ _\*n *6© Xu ... 


0 


DDBD 



Fig. Ex. 4.6 (i) 

Oln. : Grouping is shown in Fig. Ex. 4.6 (i) ( a ) 

Output Y * AB + BCD + ABCD 
(0 (2) (3) 

wj — 



Fig. Ex. 4.6 (i) (a) 


\CD 



0 

3 

1 

2 

0 

7 

0 

6 


\CO CD CD Cf> 

01 1 


AB 01 




Fig. Ex. 4.6 (n) 

Sold. : Fig. Ex. 4.6 (ii) (a) shows grouping. 
For vertical we have -» CD + CD -» D 
horizontal we have -> AB + AB -> B 


Fig. Ex. 4.6 (ii) (a) 


.i * 

!■■' - ■ 


output Y * BD 


Uptill now we have seen that directly filled K-Map with encirclement was given This was given just 
to know different ways of encircling l's. But now question is how to fill up the K-Map? To understand 
♦his we will solve some more examples. 
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Dig-'tal 


4 <0 


Mmtefm Mmr tetnn & K»rn»u ^Ma£. 


E**: F (A B C 0) s v m (o, 1 2. 5. 13. 16) Dfii^ K -M4P and find nr»if»mr»v»>d Boolt-an e/p»« ‘ k,or ' ^ 

Solo. : From example we can conclude that K Map required will be of 4 variables (A B* * Requite 
conclusion can be also nude up from highest state Highest state 15 To represent 1 we 

mirunium 4 hits _ , .. ...*•• - — - — - 

[Step I : Now first draw basic skeleton of K- Map t Refer Map III) 

Step 2 : Present!* bos is emptv Given is Lm’ it means tnirtlerm 
number is specified in the example i c <» I. 2. 5. 3 and 15 
i Step 3 : R emaining boxes of k. Map sho uld be filkd up w ith_/:ros 


w r it 


s down T in Hie box whose 



An*. : Y = ABD ♦ ACD + ABD 
(7) ( 2) (I) 

JEX. 3 :F(A. B. C. 0 ) = Im (1 3 . 5 , 9 11 . 13 ) 

/ Soln. : Procedure is, same .is licit defined in Ex 7 


AB 


AS 00 


Xe 01 


AB 11 


AB 10 


\CD CO CD CD/^CD 
b\ oo +01 itjN^ io 


0 


12 




\ 1 


16 


UjJ v 

$ it 


o 


0 


14 


0 


10 


Fig. El 4.8 (a) 


A = MSB 
D = LSB 
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Mintetm 


Maxlwm. A 


^Digital 

Y = BD + CD 
(1) (2) 

® I F (A. B c 


-^l^glTIL.Maxterm ^ Karnau gh U 


(A. B, C, D) =Im(1, 5, 7, 9, 11, 13, 


s °in. : Procedure is sa 


irne as that defined in Ex. 7. 


\p D CD CD CD CD 

ab\ 00 01 ^, D °p 

As 00 1 0 n n 


SB 01 o 


AB 11 o 


A B 10 I 0 


fU 

J2 21 m 

1 4 0~ 

_i /ii io 


•I"*/' O 4 / 

j r ■* f 


b J f t- 


Let's draw (fie circuit 

» I Nad 


F (A, B, C, D) = UD + AD + BD (a) 

= D (A + U + B) (b) 

Fig. Ex. 4.9 (a) 


AD+ BD 



m 


■ns 




— D (A ♦ B + C) 

Fig. Ex. 4.9 (b) 

Fig. Ex. 4.9 (c) 



Ex. 10 : F (A. B. C, D) = Zm (1, 3, 4, 5, 7, 9. 11. 13, 15). 
Sofn. : Procedure is same as that followed in Ex. 7. 
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\CD CD CD CD CD 

a a X oo 01 n io 




Fii;. Ex. 4.10 (a) 

V I) ( A B (' 

(I) (2) 


Fiji. Fa. 4.10 I h) 


Ex. 11 : Simplify following expression using K Mop and realise using AND-OR realisation 

f (A,B. C. D) = v m (i 3 7 e, 10, 12 13. 15) (Max 06, 6 (VI ark 

Soln. : Procedure is same as dial followed in I \ 7 
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= 5cd + ac-*BcT5 

_© © © 

= B(CD + CD) + AC 

= B (C © D) + A C 

Ki”. Ex. 4.12 (a) 

•lify following expression and re 
(A, B. C. D) = v m (4 5 8. 9 . 1 


D CD CD CD 

0 01 11 10 


AB 00 I 0 


A B 11 I #1 


AB 10 [ 11 


n 


4 

)cr 

4 ^ 

12 






n 

n 

U 

:< 

U 

0 

7 

0 

6 

ri 

if) 

0 

14 

4—^ 

0 

10 


YsAC+AD+BC 
= A (C + D) + B C 

Fi«. Ex. 4.13 (a) 


Co-^o- : 


C f D 



Fiji. Ex. 4.13 (IB 
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BC BC BC 

01 11 10 



0 


0 


0 


CD 


0 


0 


12 


13 


15 


0 


14 


0 


fit n 


0" 


(Map - 1) 
A = 0 


© 


11 


0 


10 




00 


01 


11 


10 




xi/ 


16 


17 


0 


19 


0 


18 


0 


20 


0 


21 




o 


23 


22 


0 


28 


0 


29 


0 


31 


0 


20 


0 


24 


A 

1 


v!x 


25 ' 


a 


(Map - 2) 


27 


26 


© 


A = 1 


Fig. Ex. 4.14 (a) 

As show n in Fig. Ex. 4.14 (a) we have two maps, map 1 and 2. While encircling the number of Ts 

° f , ,°'^ ap ° f ™ P 2 0V v, r Boxft - 1. 3. 2, 4. S. 7, 6 and so on will be under 16. 

1 ’ ill 2 ’ 23, 22 ", ai ? 50 on Novv ,n ,he abovc box wc havc 1 anc * exactly below it in map 1 
** have I You can encircle those 'I s and combine. Say for an example T s of box'll I md in n 

coming exactly below So total it will fomt Quad Now 2. 1's from map I and 2. Vs from map 2, .’. there 

is change of maps /. A changes to A. 

While writing equation for group 1 it will be 

Vertically -4 DE + DE -4 D 


Horizontally -4 BC 

/. group 1 -4 BCD 

For group 2, vertically -4 DE 


horizontally 
group 2 -4 BCDE. 
For group 3, vertically 
horizontally 
group 3 -4 BCE. 

For group 4 , vertically 


-4 BC and as map changes A is cancelled. 
-♦ DE + DE -4 E 

-» BC. map I and 2 both ate considered 

-4 DE + DE -4 E 
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14 ‘ Mil-; ' •"""Piti, ,v ,„ 

'• °“<Wil V . " "Wp I only 


M'nte.m ( Maxtarm & Karnaugh Map 


Cl) 4 S ^B ♦ m + , 

t^ + abe 


(A + C) 




w W) - b <«*cde, + be,*4 


CDE 


cde + cd 


B (C 5 + CDE) 




Ex. IS ./ F 


BE (£*C) 


Fi R* Ex. 4.14 (b) 


V F (A, B c ftp' — • W 

Sok^- K ’ ' * Sm <0- 2 ' *• 7 ' 13, 15 ' 1 e " Ti TiaTif TaTiTi sTmputy'ihis "^mg 

^ • K “ M *P *"> be five variables Procedure Is as shcivn Ex. ,4 

BC R f' . on n _ . — 


BC. Be BO 

^00 4 01 n’ 


BO BC 
01 11 10 


J 

v -tu r 


DEIll 0 


D E 10 


X** o 


c/a B C D,E)*ABC?4>BCDE-*-C Ej' a c d 
F(A ‘ 0, ’ ’ '.BCE(A4D) + C(E4AD) 

Fig. Ex. 4.15 (a) 
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: F(A, B, C, D) = Xm (1, 5. 6, 7, 11, 12, 13, 15). 
Simplify this using K-Map 

K-Map is four variables, Procedure is as shown in Ex. 7 



fit 




0 

0 

3 

2 



KH 


Recfcmdant group 

<5 — 

Fig. Ex. 4.16 («) 

OP Y * A AP + abc.aco.acd 
© © ® ® 


Fi «. Ex. 4.16 (b) 
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As shoun m Fig pTTTT — — _____ 4-37 

group 5 , 7 , J 3 | 5 4 16 (a) fi^ yoiTwin — ~ Minterm, Maxterm & Ka rn augh M ap 

Bui the monipm f * 0u make ^ *° cover maximum number of l's vou will select 

*'0U PS are sh(nvi , >ou ">*e -here f„ ur ®'”“ p 0 '■ 5 - ’■ « - 15, 11 - 12. .3 ,e feu, groups 

•• Encircling 5 7 J3 s a • s are covered Refer Fig Ex. 4.16 (b). Here four 

^ ^*8 Ex. 4.16 (b) ^ Corrp f becomes Redundant group which is not required 

,rcci grouping. 


E *‘ 17: F(A, B. C, D) = 

S °«"- : D raw f Olir ..L Im(0 ^.5.13 1 i5 ) 


four variable K-Map 
Redundant group 


^ HU l he boxes 


00 


AB Ot 



AB 


CD __ 
CD 

00 


CD 

01 


C D 
11 


CD 

10 


Al 00 

0* 


AB 11 


AB 10 


AB 01 


A B 11 


AB 10 


0 


0 


0 


1? 


0 


d 


13 


0 


0 


0 


D* 


is 


0 


a 


0 


0 


14 


11 


0 


10 


*© 

■© 




O/P Y-sABU+ABC’+bCd + ABD 
© © © © 
Fig. El 4.17 (a) 


(Best grouping) 


O/PYsEBtf + ECD+ABD 

© © © 


(M 

(V) 


Fig. Ex. 4.17 (h) 

As shown in Fig. Ex. 4.17 (a), you will start grouping 0,1 - 5,13 - 13.15 - 0.2 Here \ ou arc going 

to get four terms But you can still simplify this by grouping l’s as shown in Fig E\ 4 17 <b) In that we 

are going to get only 3 terms, it is the best encircling 

From Fig Ex 4. 17 (a) — 4 output Y - ABD + ABC + BCD + ABD 

(b) -4 output Y = ABD + ACD + ABD 
We will start simplify ing Equation (x) and come down lo Equation (y) 

ABD + ABC + BCD + ABD 
A§ (D + C) + BCD -*• ABD (D + C = D 4 DC) 

AB (D 4 DC) 4 BCD 4 ABD * ABD 4 ABCD + BCD 4 ABD 

ABD 4 ABCD 4 BD (C + A) = ABD 4 ABCD + BD (A 4 A C) 

ABD + ABCD 4 ABD 4 ABCD = ABD 4 ACD (B + B)i ABD 

ABD 4 ACD + ABD -» Now further simplification is not possible 


Y > 


Therefore using K-Map also you have to obtain Boolean expression in such a way that furthei 

Simplification is lrteratty jmgo_s^l_e 

Scanned by CamScanner 






4-38 


Minterm, Maxterm & Karnau gh Maf 


Digital 

Ex 18 • » — Mimerrn, r 

edUC ® foMowin 9 expression using 5 variable K-Map using SOP form 

- . ^ B C ° E) = Im (°' 1 2 3 ' 10. 12, 13, 14, 20. 21. 22, 23. 26, 27, 28, 29 30 31) 

,n * : Procedure is same as that followed in Ex. 14 



(1) (2) (3) (4) (5) 

4.6.4 Don't Care Condition : 



i 



In logic circuits, for sonic cases it may happen that lor certain input conditions no specific output level 
is defined i c. II Kill or LOW This ease may he present because these input conditions will never occur In 
short, there will be certain combinations of input levels where we don't care whether the output is HIGH 
or LOW. 

Normally don’t care states arc specified by *d' for example say f (A. B. C) = Im (0. 1. 3) + d (5, 6) 
Here Tin’ is as usual minterm. *d' -4 don't care condition In above function states 5 and 6 arc don’t care 

Now y ou will ask how to represent don’t care in K-Map ? Usually tn K-Map we put V (don't care !) 
sign in the box whose number is specified by the function under ’d\ 

As far as circuit design ol such function is concerned you (the circuit designer) is free to make the 
output of don t care condition either 0 or I . in order to produce simplest output expression Normally 
when you write SOP form, you normally force don’t care output state to 1 and for POS form, you 
normally force don’t care output state to 0 

Let’s take one example to understand concept clearly 


:X. 19 ‘ F. (A, 8, C, D) = Im(1, 4, 8. 12. 13, 15) ♦ d (3, 14), simplify 

loin, : For this problem we have drawn two K-Map The first one doesn't encircles 'X' (don't care 
andition) and other one encircles the 'X\ Fig Ex 4 19 (b) and (d) are the hardware design 

Fig Ex 4 19 (b) (i) shows logic circuit for output Y. we achiev e from Fig. Ex 4.19 (a) (i). In that we 
quire 9 AND gates and 3 OR gates In Fig Ex 4 19 (i) (d) logic circuit for output Y derived fromFif 
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(c) ’ is drawn In thal we required 7 ANrT Midterm Maxw, . 

X' (don't cure conditions). ^ Sates and 30R^Ii — ^^AKanja^ K 

AND 

K CD CD cn ^ t: 

00 01 11 






1 

0 

0_ 

dr 

1 

X 

3 

0 

2 

r\ 

4r~ 


L 


i 

4 

0 

5 

0 

7 

0 " 

6 

|G 


(_L_ 


■ X 


12 

13 

19 

14 

s 

B 

0 

9 

0 

0 

10 


Y=ABCD+BCD+ACD+ABD 
® © © © © 


A B C D 


Fig. Ex. 4.19 (i) (a) 


I A B C 


BCD 


.AC D 


tABCD 


_ |_ ABD 

Fig. Ex- «•» ® (b) 


AND Gates - 9 
OR Gates - 3 
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AM II 


Afl iu 



4 t *A .Tib AB + CDi 

(D © © ® 


He. Ki. 4.1V (I) ( i ) 



mmn 




A C D 


AND Gates - 7 
OR Gates - 3 


Fig. Ex. 4.19 (i) (d) 

Hztz * hhe to tell you one thing that it is not always necessary' that once you encircle one X\ 
irsir^ X SHOULD BE ENGRCLED. It is purely your choice that how many 'X's you convert to 
c 1 by encircling in ffijrterm Or Ts group Ut's see one example to understand the concept. 

Fr4 f&jced SOP form for Mowing equation " ’ 

F f A. 8 C Cj * Im (1. 3. 7 It, 15) ♦ £d (0. 2. 5. B, 14) 
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K Map for 4 variable, and fill P 5 , ,y s a ^T 
J,o- ■■ Pr ;;„ F* f ' ' 1 * ® ,a) Wc ^ >wo gro U p s 

>P ' , arc '.V <*>»'' carc condition); but by enr 

l„ |W "• ' J 1 

oil 


t|' 


_ o ,v uua 

iroup 2 covers j , , 

condition); but by encin- ' 

>cnc ^i», .hating 

'• 0nc ^d not «* 


l's. 





Fig. Ex. 4.19 (ii) (a) 


Ex 20: Simplify following : 

F (A B C. D) = Im (0. 1. 5, 9, 13, 14. 15) * d (3, 4, 7. 10, 11) 
Soln. : Draw 4 variable K-Map and fill all the boxes. 
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4.7 K Map for PCS Form : 


4 4 * 


MinHum Muxtftm & Karnaugh 


NVo fviw >ol\*\i vhiVum s'\ mipUs wlviv \\v' c»k uv led T i e we have taken into account mintcnu 
r *.aiU\ wv will M'hc sene examples ivt.itcd to m.ixtcnn the basic k-nup skeleton to be used f ot 

DUMv'uit Is Jv \lu'vy it it) | tt; « J 


0 


A 0 


A 1 


e* 

t 


0 

t 

1 


1 

1 

J 


A 0 


* 1 


iUC 


P4V" 

11 4 C 

0*0 

04 1 

1 ♦ t 

W0 

0 

1 


1 

1 

• ? 




1 

1 

„ _ ~ i 

- • 




4 

s 

7 

(S 


(4> 2 >irublc k-nu|i 


lb) 3 variable k-map 



If you observ e K-Map correctly and compare it w ith Map I, II and III The basic difference you will 
nd that, 

(1) In nuntemi AND operation was used But here OR operation is used 

(2) In mintemi variables are adjusted in such a wav that final answer is T for example 0 0 0 0 

(A B C D) 

give mintemi ABCD. i.e. 0 • 0 • 0 • 0 = 1. 

But in maxterm sum should give you logic W, for example ABCD = 0000 then maxterm will be 
A + b + C + P T i.e. 0 + 0 + 0 + 0 * 0. If ABCD - 0010 then maxterm will be , 


Scanned by CamScanner 





Mr'vM' V 


r-n* 4-43 

A + B + C + D = 0 + () + 1 + 0 = 0. 

(?) K ~ M -H> Rives SOP form Maxterm K Map 

d °T“ ^vterm K-iuap you have to encircle V, not I ’> 

UiwS or eiKirclmg 1)'s are same as that of I*# You w/IJ Ia </>//• ' iw ** 
examples 

lx. 21 : Find expressionsloTfollowing K-Map : 



3oln. : Grouping 1 covers *0's in 1, 3. Grouping 2 covers Ws in 3, 7 

Neglect those variables which arc changing through vertical or horucn-L spsx. 

... For group I -» (A ♦ C); group 2 -* (B + C) 

output Y * (A ♦ C) * (B + C) (POS form) 

0 ) < 2 > 

<«) . ,, , , > - ' ■ 


























Fig. Ex. 4.21 (v) 

Soln. : Output Y " (A + C + D) (a + B + 6) (a + c} 

<■> «> (3) 



(vti) Refer Fig. Ex. 4.21 (vfi). 
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_^iqiai 

i Step I 
; Step ii 

J Step IQ 
Step IV 

-Step_v__ 

ExTST 

Soln. 


Answ 


. Fm^ ?^ Xtefm exprcss,on — nterm i Mavt erm & , M 

— i_ Now gon „ r . l|[ii|| ° s ” ,ll<l >* filed up wuh logic T 

^s!^^^====== 

(2) e ^ ain P le is for maxtcmi 
’ ’ No of variables are three 

( 3 ) n 3 '^ nabl e K-Map is required. 

<4, rr;: TZ° <K ^ f0r 3 V—* K-Map 
(5) Remaining ; all boxes te'filM bf T “ ^ '* °' 3 ’ 4 and 7 

er Y = (B + C) (B + C) 

0 ) ( 2 ) 



Fig. Ex. 4.22 CO 


F (A, B, C) = n m (0, 1. 2. 4. 5) 


Y = (B) (A + C) 
( 1 ) ( 2 ) 
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A+B O 4 I TO 


A+B 1+11 1 


I+B i+ol/ol 


fVP Y - (B 4 0)(£ ♦ C ♦ f))(§ ♦ 6)(A 4 0 4 C)(A ♦ B 4 C) 

© @ ® ® ® 

(a) » 

FI*. Ex. 4.22 (v) 

^ F (A. B. C, 0. E) * *M (2. 3. 5. 8, ». 10. 11. 17, 18. 1». 21. 24, 25. 26, 27. ») 
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I 1+01/ TO 


B -f C + D 


© ® 

O/P Y a (B + C + D)(A + B)(A + B + D)(B + C + D) 

® © ® © 


Fig. Ex. 4.22 (vii) 
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Of? Y « (X + C)(A * D)(S ♦ D) [Without taking X into account] 

® © O 

O/p Y » (£ + C) • (D) [Considaring X in O and D as 0] 

» » 

Fig. El. 4.22(h) 
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; — 4352 

This example includes don't care condition ('X^ also. The steps are same as explained i.e. write 'X* In 

the boxes numbered (0, 2, 5). Fill '0* in 4, 6, 8, 9, 10, 12, 13, 14. Group 'O' and if required (if circuit 

minimises) also group 'X' into, i.e. force that 'X 1 of box to logic *0'. This is the same way, you were 

forcing 'X* to logic T in case of SOP form (minterms). 


Now wc arc going to solve some examples in which you will be given with a function expression 
mentioning minterms (not maxterms) and you have to find out POS form (not SOP form). Method is very 
easy, from given minterm function, you find out maxterm. Let's say for example, given function is, 

F Xm (1, 3, 7, 11, 15) — » specifies minterms. Therefore remaining numbers arc maxterms. 


i.e. F nM (0, 2, 4, 5, 6, 8, 9, 10, 12, 13, 14). (i.e. reverse of minterm). Now next step is simple, 
once you get maxterm function, simply map it in K-map, group it, and find Boolean expressions. Let's 
solve same examples. 


Ex. 23 : Find expression in POS form for given function 

(i) F (A. B, C, D) *= Im (0, 2, 3, 4, 7. 9. 10. 12. 14. 15) 

Soln. : 
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(Hi) 

Soln. 


. F (A B ■ C ‘ °) = Xm (0, 4, 6, 7, 10, 12. 14) 
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+ c\ n 




(a) 


Fig. Ex. 4.23 (iii) 


(b) 


* 


In this problem you should retain don't care condition as it is and only remaining numbers arc selected as 
maxterm. 

F (A, B. C. D) = kM (1. 3. 5. 8. 9. 11. 15) + d (2. 13). 

4.8 Minimise Boolean Expression using K-Map or Obtaining K-Map for 
given Boolean Expression : 

In this section we arc going to reverse engineer the K-ntap. means uptill now directly decimal value 
of minterm was given to you and you were finding the Boolean expressions for the same. But now you 
u ill be given Boolean expression and using K-ntap you have to find out position of minterms. and if 
required you have to minimise it. 

The procedure is very simple. The steps are as follows : 

Step I : Observe Boolean expression carefully and conclude cither it is two, three, four or five variabh 
K-map. 

S fcj , || ; Depen ding upon number of variables, vou draw the basic skeleton of K-ntap. 


Scanned by CamScanner 






Digital 

4 


4-55 


Minterm. Maxterm & Karnaugh M ap 


Step III : Now take terms of Boolean expression one by one, and analyse. Now suppose you have 4 
variable K-map and term given is BC. Then it is very easy to find where are the minterms. 

Refer Fig. 4.5 (a) first you have to find out, where B is constant and put 'slash' (or darken that 
area). Same way you find out the 'span' for variable C and daiken ft. The area which is 
common to both B and C, you have to simply put l's over there. Refer Fig. 4.5 (b). 


AB 


AB 00 


AB 01 


AB 11 


AB 10 



AB 


CD 

CD 
00 


CD 

01 


CD 

11 


CD 

10 


1 

AB 00 

0 

1 

3 

2 



f — 

A 




AB 01 


1 

1 






4 


5 

7 

6 

AB 11 


0 







12 

13 

15 

14 

AB 10 









8 


9 

11 

10 




B 


Fig. 4.5 


(b) 


Step IV : Repeat same step for all the terms and finally you will get K-map with all minterms 
(logic T). Remaining boxes of K-map should be filled up with logic 'O’. 

Minimise it, i.e. write down 'new' Boolean expression if the same is specified in the problem 
Let's solve one example to understand the coneei 


Step V 


Ex. 24 : Reduce following expression using K-map 
(j) F = ABCD ♦ AC D ♦ BC ♦ AE5 CD. 

$ 0 ln. : (1) Observing the expression we conclude that it has 4 variables. 
(2) Draw basic skeleton for 4 variable K-map (minterm). 
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0/p Y 


0 

i 3 

0 

2 

0 

i 7 

1 0 

€ 


0 

14 

AB 11 

0 

AB 10 

10 


Fig. Ex. 4.24 (i) 


B 00 

0 
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Kitf. Ex. 4.24 (iv) 


Fig. Ex. 4.24 (iv) 

(d) -•> for term AB > covers minterms 4 5 

(b) — > for term A B C -> covers minterms I 

(c) tor term ABC — > covers minterms 1 

(d) — > total of big. fa), (b) and (c) — » covers I, 3. 4, 5. 

K-map showing regrouping so the output function is mmimised 

Ouput Y - AB + AC 


Draw K-map for following expression \ v (.June 99, 6 Marks) 

Y = ABCD + BC + BD + ABCD + BC. 


Soln. : Now the minterms for all terms arc directly shown in Fig. Ex. 4 24 (v)(a) big Ex 4 24 <\ ,(b) 
shows remapped K-map. 
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AlJC'i) 

H r 

Conclu.lon* about K-map : 

«»«. you „, u „ hc (td|m . 


Mint.u„, M.xi.rm « Karnaugh M ap 
Newly mapped K-nutp 
(iioup I i n 

2 t Al> 

^OupiK) V - fj 4 ad 


' * - -r :ir 


5a,ion H y nmiake you can form! 


O) Now-a-day's iTlrcii 277*'“ ""’ ,C * C,| " ; " 10 ‘ * 'eiy difficul. 

- canoe •* * «*- *■ — ** 

K-map. Bui, as no unique rccOKnilabte mu *"*" Cxpression - «'•*» by Boolean or 

possible lo wrile an algorithm (Alsonil.. P ' U " ' S g ' ncralcd wh,le solvln S a K-map, n i s ml 
problem;. 'snoi mg bul systematic approach ,o solve any given 

Method. ' SL 0l ' h< " St ,>r °' >lc " ,s -'ssocialcd with K-map. we use new melhod .e Quin, M, r 

4.9 Quine Me Cluskey Method or Tabular Method : 


It is an efficient tabular method employed lo minimise an expression for six or more variables Just 

like K-map* il searches for terms that cancel out the terms like A + A. x + x and so on Before I sian 
explaining you steps involved, first we will learn Prime Impliamts 

Prime Implicant : 

Let P (x) be a product term i c. Boolean function that can be written as a product of literals of X„ 
for the function F (x), the relationship for all A such that P (A) = 1, F (A) = I holds, then P is called an] 
implicant of F, means P (A) = 1 implies F (A) * I. It means that every minterm of P is also a mintemi o 
F. 

Let's take one example, 

F (X) = AB + BC + ABC + AC 
Remaining minterms not appearing arc, 

ABC, ABC, ABC, ABC 
An implicant P of F is called prime implicant if any product term obtained by deleting a literal from I 
is not an implicant of F. Prime implicant is an indivisible implicant in that it ceases to be an implicant i 
any of its literals arc removed. 

Code Word : i 

In the tabular (Quine Me cluskey) method, a product temi x, ^ x„ when n is equal to number (| 

input variables is represented by word of length n. In that 1 in the position denotes uncomplemented litenj 
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4_^2 Minterm 

'<>’ denotes complemented literal <x,), arid (X) dorvt care s> mbol indicates neither \ nor x. These words 
are called code w ords 
Say for example, 

1 X 1 X 0 -> x, Xj x s 


Step I 
Step II 

Step III 

Step IV 

Step V 

Step VI 

step VII 


0 1 1 1 0 — » x, x. x 3 Xj and so on Steps to be performed for tabular method. 


Step VIII 
Step IX 


List out all the minterms of given function f (x). , A vOP 

Group the minterms in Table format, based on number of logical 1 s in thv >“‘- 1 -n 
term. . j 

Start from top and go on comparing minterms. with remaining minterms. trcin 
successive group. „ - 

Combine the minterms, such that they differ by only one bit The bit that 1 ers 
replaced by 'X 1 . 

Using Step III again, reduce first reduction Table to second reduction TabL a ' s0 
until no further reduction is possible. 

Prime Implicant Selection : ^ ,, 

Set up a cover Table T whose row s are all the pnme impltcants and w hose columns 

the minterms. Enter an 'X at intersection of row i and column j if the j pnme mip t^a 

P, covers the j’ 1, minterm of m . . I 

Now identify Essential prime implicants. The essential pnme implicants art easil> 

identified by scanning cover Table for columns containing exactly one X It stnh a 

irij is found and its sole X is in row P_. then P, is an essential prime lmpluant. t 4 1S 

omitted from solution, m, minterms will not be covered 

Identify all the essential rows of cover Table and add to the solution set $ Reduce co\ cr 
Table by removing essential rows and all columns covered by these row s 
Continue applying step VIII till no further reduction of cover Table is possible 


Let's solve one example to understand it better. 


I Find minimal SOP expression for the function 

F (A, B. C, D, E) = Im (0, 6, 8, 10, 12, 14, 17, 19. 21. 25. 27. 28, 291 

oln. : Step I : Listing of all tl 


he minterm. 

Decimal 


Equiv 

alent Binary 


r 

(minterms) 

b 4 

B, 

B : 

B, 

B* 1 


0 

0 

0 

0 

0 

m 6 

0 

0 

1 

1 

0 

m g 

0 

1 

0 

0 

0 

m io 

0 

1 

0 

1 

0 

m l2 

0 

1 

1 

0 

0 

m, 4 

0 

1 

1 

1 

0 

m i7 

1 

0 

0 

0 

1 

m, 9 

1 

0 

0 

l 

1 

m 21 

1 

0 

1 

0 

1 

m 25 

1 

l 

0 

0 

1 

m 27 

1 

1 

0 

1 

1 

m 28 

1 

1 

1 

0 

0 

m 29 

1 

1 

1 

0 

1 
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Grouping minterms in Table forma, 7 M ! nt ® r i 71 i Maxterm .& Karnauflhjyia^ 

groupimv at ’ dcpcnd,n 8 “P«» number of l'i 


Group 

Minterm 

- — 

Group 1 

III V 



Group 2 


0 

0 


'»6 

0 

Group 3 

m io 

0 


m, 2 

0 



»» l7 

1 


«n u 

0 

Group 4 

m io 

1 


m 2 , 

1 


m 25 

1 

— 

»l2H 


Group 5 

m 27 



1 


m 29 

1 


's. The Table 4.8 shows 


®h»ary tUfuivalcnt 

it b 2 

JL o 

L_ o _ 

0 I 

1 0 


0 


B. 


B, 


I 

() 

0 

l 

1 

1 

1 


1 

0 

1 

0 

J_ 

0 

1 


( L 

0 

1 

1 

0 

0 

I 

l 

0 

0 

0 

l 

0 


0 


0 


0 

0 

0 

1 

0 

1 

1 

1 

0 


Table 4.8 

Step III : Comparing the minterms and prepare first reduction Table we will start comparing m,, with 
remaining minterms. Initially compare n^ and m 8 . 


m, 

ni. 


b 4 

0 

1 


B, 

0 

0 


B, 

0 

0 


B, 

0 

0 


Bo 

0 

0 


So if you observ e B 0 to B, bits arc same only B 4 changes. Therefore we can make entry of these both 
minterms in first reduction Table as, 

m 0 . m„ -> X 0 0 0 0 (X means Not T or ’O') 


Same way go on comparing with 6, 10, 12. 17, 14, 19, 21, 25, 28, 27, 29. You won't find am’ 
match. So in group - 1 we have only one entry' of m 0 , ni 8 . Now start comparing m 8 . Here you have to lake 

precaution that you should compare present minterm with next minterms only. It should not be compared 
with previous minterm. Presently for us n^ is previous and 8, 10, 12, 29 arc next. So don't compare 

m g with m 0 . 

While comparing m 8 with minterms you will find only two match 


nig, m, 0 — > 

m 8 

= 

0 10 0 0 




m io 

s 

0 10 10 

-4 

0 10X0 

m„, nt 12 — > 

m 8 

= 

0 10 0 0 




m, 2 

= 

0 1100 

— 1 

01X00 


These two terms should be written under group 2. 

Now group 3 will start. T .. iq 

Go comparing m 6> m l0 . m l2 , m„ and entries of all there will be covered under group 3. Table 4.9 

shows full first reduction Table, 
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Firtt Reduction Table 


] Group Mintetmj 


Binary Equivalent 



b 4 


B; 

B, 

B. 


(A) 

(B) 

(Q 

fD) 

(E); 

Group - 1 m . m. 

0 

X 

0 

0 

0 

Group — 2 m,. m. . 

p_ 1 

0 

X 

0 t 

m,. m . 

0 

1 

X 

0 

0 > 

m.. m 

0 

X 

1 

1 



0 ' 

m lc .. m- x i 

0 

1 

X 

1 

o - 

m 32 ’ m :* 

0 

1 

1 

x 

o 4 

Group - 3 m. .. m. , 

X 

1 

1 

0 

0 

. m :> 

1 

0 

0 

X 

1 

* IP- y. IP- ■ 

1 

0 

X 

0 

1 *■ 

m 7 , m -4 

1 

X 

0 

0 

1 

m m.. 

1 

X 

0 

1 

1 

ni^n . m.- * 

. . ./ 

1 

X 

1 

0 

1 

Group - 4 m : -- m ;T 

1 

1 

0 

X 

1 i 

m ;5 . m :? 

1 

1 

x' 

0 

1 ^ 

m-,. m-- ’ 

«— ■> r. . a 

1 

1 

1 

0 

X i 


Tabic 4.9 


Step IV : Now from First Reduction Table rv e are going to denve Second Reduction Table 





Flnt Reduction Table 






Group 

Min term 


Binary Equivalent 

i 





B 4 

b 3 

B, 

Bt 

B, 1 








A 

B 

c 

D 

E 





1 

m. 


o 

X 

0 

0 

0 


p* 



1 

2 

m, 

m ia 

0 

1 

0 

X 

o ! 

p 

\ 

1 



m. 

. *. 

m I? 

° 

1 

X 

0 

0 i 

\ 

1 



m s. 


0 

X 

1 

1 

0 

— » 

p 5 

I 



m i0. 

m I4 

0 

1 

X 

1 

0 

V 




ro li 

m !4 

0 

1 

1 

X 

0 1 

N 


1 

• 

m ;7 

m 2t 

X 

1 

1 

0 

0- 

— V 

p e 

1 

3 

m l7. 

m is 

j 

1 

0 

0 

X 

1 

N 

1 

! 

(T 

•! 

a 


m !7. 

nu. i 
** 1 

1 

0 

X 

0 

■ 

1 

K 1 

V 


1 

.1 

. 

I 

1 

®17 

BU 

I 

X 

0 

0 

1 

< 


r 

I 

t 

I 

? 

m i9. 

m-T 

1 

X 

0 

1 

1 



I 

* 

? 

V 

%3. 

m :9 

1 

X 

1 

0 

1 

V 


: 

i 

4 1 

m :5. 

m 27 

i 

1 

0 

X 

1 

V 


1 

1 

L 

m 25. 

m. 9 

1 1 

1 

X 

0 

l 

V 


1 

. m 2I. 

nivQ 

1 

1 

1 

0 

X 

— > 

— p p 


Table 4.10 (a) 
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Secontljlejluction Table 


j^Dtem ^axterm & Karnaug h 


Binary Equiv alent 



Table 4.10 (b) 

*™t S ° the proc ® dure ls same > group i should be compared with group i + 1. In this 
comparing task is bit simple, first check that 'X* matches, if it matches then only go for 

ompanng remaining bits. The term which is covered, simply put a tick. Table 4.10 shows 
both the Tables. 

Final reduction from Table 4.10 (b) is, 


Step V : 


^ a *, 

Minterm 

Binary Equivalent 

m 8> m i0> m i2» m i4 m -#> m i2> m i0» m i 4 

0 1 X X 0 

m i7* m i9’ m 25» m 27» m i7> m 25> m i9> m 27 

1X0X1 

m 17 , n^j, m 25 , m 23 , m 17 , m^, m^, nt,,, 

1 X X 0 1 


* iui\v iviuuuuiig iviiiu liviu laviv t. ) ^UilUW^U lUUId; <U1U iltlrtl IClUlb llUlll I aUlC ‘♦.II 

and make Cover Table or Prime implicant Table. This Table has a now for every prime 

implicant and a column for every minterm of Z. An 'X' (cross) is entered at the intersection of 
row i and column i, if prime implicant P, of row i covers minterm n^ of row j. 


Cover Table : 
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* I'yrt.il 

p. 


0 X 0 o 0 


4 Of) 


'in 


’ (mono), (4 }| 

( X can be 0 or I ) 


Mlntnrm, Maxterm & Karnaugh Map 


'V 

«v 

«v 


ll 


0 X o o o 
I 

0,M »0 0 mo (10 on, 

0 I 0 0 o , ((, | |j (( 

° X 1 10 >(00110).,- (6)„„ 
X 1 1 0 0 > (01 •<><»), (I2)„„ 

1 1 1 0 X > I 100), (2K) |() , 


(OHIO), (I4)„, 
(I 1 100), (2K), 0 

Cl 1 101 > 2 (29), 0 


( M X X 0 > (0)000),. (01010),. (01 100),. (0| 1 10), 
1 X0X 1 > ( 1 00(1 1 j) 2 . (1001 1),. (11001),. (11011), 
(,000, ) i , ( 10101 ),. ( 1 100 ) ). ( 11101 ), 


I X X 0 I 


'll A |* V,,0 | wn | ,n 4 11 • lhc nionicnl we select P )t , P,, and P (} all ticked minterms arc covered. 

tele ore I I | ,, > essential iinplicant , Now as we select P,., P ( . and P (( , the minterms covered by P c 

no a icncly covued tlicictorc P,. is not required. Now the remaining minterms arc, m 0 , m 6 and m 2B . 

I«t cover these three minterms we have to select P A , Pi» and P |r 
Pinal solution is. 

«V P,, P<,> {0X000,0X110. 1II0X, 01XX0, 1X0X1, 1XX01} 

Consider we have A, B, 0. D, E variables where A MSB and E = LSB. 

| ( input Y ■ A C 5 B + ACDE * A BCD + ABE + ACE + APE 1 
('X' terms are not considered). 


. raLL t 


Ex. 25 : MlnimlHo expression using Quine Me Cluskoy method 
(i) t (A, B, C, D) = I (1, 3, 5, 10, 11, 12, 13, 14, 15). 

Soln. : 

Step I : 


(June 99) 


List all minterms : 


Decimal value or 

Binary equivalent 1 

minterm 

A 

B 

c 

D 

m, 

0 

0 

0 

1 

«Vt 

0 

0 

1 

1 

m s 

0 

1 

0 

l 

m io 

1 

0 

1 

0 

m n 

1 

0 

1 

l 

m ia 

l 

1 

0 

0 

m n 

1 

l 

0 

1 

m l4 

1 

1 

1 

0 

ni,, 

1 

1 

1 

1 


Tabic 4.12 




It : Group according lo number of l's. 
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Minte rm, Maxterm & Karnai 


III 


lc 4. 15, wc g cl, 

Min term# 


lo. 


m 


B 


1 1 . 


in 


in 


1 2 , 


I!) 


I 5. 


Ill 


11 


111 


10 , 


m 


I 4, 


m 


14. 


m 


n, 


m 


15, 


13, 


m 


15, 


ni 


12, 


111 


13, 


m 


14, 


m 


15, 


1 

1 


X 

1 


1 

X 


X 

X 


Now Table 4.16 

covcr * C haVC 10 considcr remaining terms from Table 4.14 and final term from Table 4,16 and make 


Now 
'r Tab 
Step V : (’over Table 


Minterms 


P. I. 


m 


P A = 00X1 
P F , = 0X01 
P r = X01 1 
P D = X101 
P r ; = 1X1X 
P F = 11XX 


X 

X 








X 


X 








X 



X 







X 




X' ' 






X 

X 



X 

X 






X 

X 

X 

X 


l/ */ l/ ✓ */ 


✓ 

Table 4.17 

Pg and P F both are essential implicants. If we cover P E and P F , these terms will cover mint erm. 1 o, \ 
12, 13, 14, 15. Now only remaining termsjrc P^P^JPe^^ The^ coWrrmmt^rrnsX s/s, 11 a 

1 1 and 13 are already covered by P E and P F , therefore consider only minterms 1 

and 5. 


So, reduced cover Table. 

Prime Minterms 


implicants 

n»t 

m 3 

m 5 

P A = 00X1 

X' 

X 


P B = 0X01 

X 

* 

X 

P C = X011 


X 


P D = X101 



X 


Table 4.18 


Observing Table 4. 18, we can conclude that if prime implicants P A and P B , both are selected, i 
over minterms 1, 3, 5. Therefore one need not consider P c and P D . 


/. Final reduction, 

F (P A , P B , P E> P F ) g {00X1, 0X01, 1X1X 11XX} 
/. F(A, B, C,P) = ABP + ACP + AC + AB , 


Minimise expression using Quine- Me Cluskey method. 
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Further reduction is not possible. 

Step IV: Cover Table : 


^ = xoio 

m l 

m 2 

ni 4 

m x 

m,n 

m n 

m !2 

m n 

m )5 


X 

. 


X 





~~ XI 00 



X 




X 



C = 10X0 




X 

X 





= 1X00 




X 



X 



p E = 101X 





X 

X 




P F = 110X 







X 

X 


P G = 1X11 






X 



X 

u/P H = 11X1 








X 

X 

Pj = 0001 

X 










Table 4.22 

Here if we select P A , P B , P c , P E , P H> Pj all mintemis are covered. 

Therefore final function is, 

F { P A’ P B’ p c> p e> P H> P I } = { xoio, X100, 10X0, 10 IX, 11X1, 0001} 

F (A, B, C, D) = B C 6 + B C 6 + A B D + A B C + ABD + ABCD 

(iii) Simplify following using tabular method : 

F (A, B, C, D, E, F) = I m (20, 28, 52, 60). 

Soln. : 

Step I : 


Minterms 

Binary 

m 20 

0 10 10 0 

m 28 

0 1 1 l 0 0 

m 52 

110 10 0 

m 60 

11110 0 
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Minterm s 

m vr m n , m 60 
m ^ 2 > n^,, m,,. 


C — c / 

tCp V ; FlnaJ reduction gives us, 


Mffitijrrn Md/torrri Karr 


x I X I 0 (i 

JLUL i o o 




^ F (A, B, C, D, E, F) = B D j p Answer 

(,/ ) Reduce using Quine Me Cluskey^hid ~ 

Soln • Lila, 1 C ' D) = ^ (2 ' 3 ' 6> 7 ‘ ** 9 * 13 ' 15 > + d «• 10. 12) 
n * ' L,st all the minterms. 

| Minterms j Bina 0 

1 L* B C 


! m i2 I 1 1 

Now list all minterms with respect to number of l’s, 

j Group J Minterm Binary 


Fint level implicants (Reduction Table) 


Number of 1*» ! 



ocanriea Dy oamocaririer 












.P'atai 


. L — — 

_ 
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Vlintcrm 

i 

Binary ] 




A 

B 

c 

D 



m, m 3 

0 

0 

l 

X 

V 


m 2 . "V 

0 

X 

1 

0 

V 


*2. m i 0 . 

X 

0 

1 

0 

— > 

Pa 

3 

U 

3 

9 

0 

i 

X 

0 

— » 

Pb 

m 4 . m l2 

X 

l 

0 

0 


P r 

m H m,, 

1 

0 

0 

X 

V 


"V m i 0 . 

1 

0 

X 

0 

-4 

Pn 

"V m ! 2 . 

1 

X 

0 

0 

V 


m, m 7 

0 

X 

1 

1 

1 

N 


»V m 7 


l 

1 

X 

V 


m f) m |} 

1 

X 

0 

1 

V 


^ 12 ^ j ^ 

1 

1 

0 

X 

V 


m, m ls 

X 

1 

1 

1 

1 _ 

P. 

m 1 3 , «V 

i 

1 

_x 

1 

■ 

j -> 

P, 



Mintcrms 




Binary Equivalent 

Ml, 



m, 

- ^ 

j 

0 

X 

, T1 

m. 


m, 

m. 


(I 

X 

1 X 


m., 

m.. 

"»n 

i 

i 

1 

X 

o X 


m, 2 




1 

X 

o X 


Now hsl out unlickcd item in first level implicant Table and rule prime iniplicant i.c form cover 


Table. 

Prime Implicants 

P x - XOlo 

m, 


m 4 

/ 

s 

m 7 

/ 

a 

m io 

m !2 

m n 

^15 

_X_ 








X 

1- 



P ( , « 01X0 



X 

X 

1 1 

1 

_J 





p , - X loo 



X 


1 1 ■■ 

■ 

1' 

m 

H 1 


X 



P M -10X0 

i 




H 

K9 


Li 



1 

P, -XIII 






V 

A 

M 

■ 

■ 

1 

I 


X 

P r - 11X1 





| | 

■ 

IB 


iH 

X 

X 


X 

X 


! x 

1 

6 

■ 

■ 

■ 

m 


m 

9 ■ 

^P., = IXOX 




l 

■i 

iKS 

X 


X 

X 


1 1 w 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 


✓ 

✓ 



If \vc select P, ; and P ti "C almost cover m ; . m v m 6 . m 7 . m r m<,, m l2 , m, v 

The re fore reduced cover Table is. 
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P A = X010 
P B = 01X0 

jyt p c = xioo 

'J 

P D = 10X0 
Pp = XI 11 
Pp = 1 1X1 

Therefore we select P A . P B and P F . 

F < p v p B ’ p e> p o> p h } = ( X 010 , 01 X 0 , XI 11 , 0 X 1 X, 1 X 0 X } 

But as in 4 and m J0 are don’t care conditions we need not cover it, therefore from reduced cover Table 
we select ONLY P F . 

- Therefore finally, F { P F , P G , P H } = { 1 1X1, 0X1X, 1X0X } 

| — 

I F (A. B, C, D) = ABD + AC + AC . 


I Note : If we se le ct PE inste ad of PF ; it will also do. 


m 4 m i0 m !5 

— — »■■■ — — Lla. 



X - 

. .... 

X 



X 




X 




X 



X 


I 

Is 


% 
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4.10 Examples from University Papers : 


*’ the following expression using K-map and realise using AND-OR realisation : 

* (A, B, C, D) = Xm (1, 3, 7, 8, 10, 12, 13, 15) (May 96, 6 M; 

Ans.: Refer Section 4.6.3, Ex. 1 1. 

2. Obtain K-map for : 


f (A, B, C, D) = AB + BC + CD (May 96, 6 M; 

Ans.: Refer Section 4.8, Ex. 24 (ii). 

3. Minimize the following expression using Quine McCluskey tabular method. 

f(A, B, C, D) = X m(2, 9, 10, 11, 13,15) (May 96, 10 M 

Ans. : First list out all minterms. 

Step I : 


Minterms 

Binary equivalent 

A 

B 

c 

D 

m 2 

0 

0 

1 

0 

m 9 

1 

. 0 

0 

1 

m io 

1 

0 

1 

0 

m ji 

1 

0 

1 

1 

m 13 

1 

1 

0 

1 

m 15 

1 

1 

1 

l 


Table 1 


Step II : Arrange minterms depending upon number of l's : From Table 1 




Binary equivalent 

Group 

Minterms 

A 

B 

c 

D 

1 

m 2 

0 

0 

1 

0 

2 

019 

1 

0 

0 

1 


m 10 

1 

0 

1 

0 

3 

m,, 

1 

0 

1 

1 


m 13 

1 

1 

0 

1 

4 

m, 5 

1 

1 

l 

1 


Table 2 
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Step IV : Now list second reduction table from Table 3 
Second Reduction Table 



1 X 

1 X 

Table 4 

rab.! TZ COnS ' der re T' mng ,em,S fr0m Tab,C 3 “ - r-na. tenn from 

c + ana maice cover table or prime unplicant table. 


\ Minterms 


Prime Implicants 


m 2 

ntg 

m io 

m u 

m 13 

m 15 

*A = X 

0 

1 

0 

X 


X 




P B = 1 

0 

1 

X 




X 



Pc = 1 

X 

X 

1 


X 


X 

X 

X 

* 





/ 


/ 

/ 

/ 


P c is the essential implicant. If we cover P c , it will cover minterms 9, 11, 13, 15. Now remaining 

ms are P A and P B . These covers minterms 2, 10, 1 1. But minterm 1 1 is already covered by P c therefore 
isider only minterm 2 and 10 by selecting P A . 

F(P a ,P c ) = {X0 1 0, 1 X X 1} 

F(A, B, C, D) = BCD + AD[ _ A ns. 

4. Simplify the following expression using K-map and realise using minimum number of 2-input 
gates. (Dec. 96, 6 Marks)* 

f(A, B, C, D) = Xm(l, 2, 9, 10, 11, 14, 15) 

Ans. : As highest sj^te = 15 

Therefore K-map required will be of 4 variables (A, B, C, D). 

Step 1 : First draw basic skeleton of K-map. 

t 
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, e ^° X * S em P ty Write down T in the box whose number is specified in the example 

, e 2, 9, 10, li, 14 15 


Remaining boxes of K- 


map should be filled up with zeros. 



After making different groups of ones. Write down output equation 
Y = BCD + AC + g C 5 
( 1 ) ( 2 ) ( 3 ) 

= B(CD + CD) + AC 
= B(C ® D) + AC 

Implementing above using Equation (1) 



... 0 ) 


Y = B (C e D) + AC 


Fig. Q. 4.4 

5. Obtain K-nrap for the following function : (Dec. 96, 6 Marks) 

f(A, B, CJD) * AB + BC + CD 
Ans.; Refer Section 4.8, Ex. 24 (iii). 

6 . Minimise the following expression using Quine McCluskey tabular method : 

f(A, B» C, D) ■ X m(l, 3, 4, 5, 6, 8,12, 14, IS) (Dec. 96, 10 Marks) 
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Table 7 


Step IV : From Table 7 from second reduction table. 



Table 8 


Now we have to consider remaining terms from Table 7 and final term from Table 8 and make coy er 
table or prime implicant table. 


Step V : Cover table 


Mintcrms 


Prime Implicants nij m 3 m 4 m 5 m 6 m 8 m 12 m 14 


0 0X1 

0X01 


*1X00 
= 1 1 1 X 



Table 9 

P P is the essential implicant. If we cover P F> it will cover minterm 4, 6, 12, 14. Now remaining 
terms are P A , P B , P c> P D and P E . These cover minteims 1, 3, 5, 4, 8, 12. 14, 15. But as mintcrms 4. 12 
knd 14 are already covered by P F , consider only minterms 1, 3, 5, 8 and 15. 
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So reduced cover table 


Minterm, Maxterm and Karnaugh Map. 


Minterms 


u 

Prime 

Implicants 


m, 

m 3 

m 5 

m 8 

m 15 

V 

> 

II 

0 

0 

X 

1 

X 

X 





= 

0 

X 

0 

1 

X 


X 




*V 

o 

II 

0 

1 

0 

X 



X 



/ 

p.) = 

1 

X 

0 

0 




X 



P K = 

1 

1 

1 

X 





X 


Table 10 


Observ ing Table 10, we can conclude that if prime implicants. P A , P B , P D and P F are selected, it will 
cover minterms 1, 3, 5. 8 and 15. Therefore we need not consider P c . 

Final reduction. 

F(P. V P„, P D , P E , P F ) = {() 0 X 1. 0 X 0 1, 1 X 0 0, 1 1 1 X. X 1 X 0} 


F = ABD + ACD + ACD + ABC + BD 


...Ans. 


7. Simplify the following expression using K-map and realize using any two input gates : 

f(A, B, C, D) = I m (4, 5, 8, 9, 1 1, 12, 13, 15) (May 97, 6 Marks) 

Ans.: Refer Section 4.6.3, Ex. 13. 

8. Draw K-map for the following function and simplify : (May 97, 6 Marks) 

F = AB + ABC + ABC 
Ans.: Refer Section 4.8, Ex. 24 (iv). 

9. Minimise the following expression using Quine McCluskcy tabular method: 


f(A, B, C, D) = I m(l, 4, 6, 7, 9, 12, 13, 14, 15) 


(May 97, 10 Marks) 


Ans. : 


i- 

U' 1 ’ " 
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Minterms 

Binary equivalent 

A 

B 

c 

D 

m, 

0 

0 

0 

1 

m 4 

0 

1 

0 

0 

m 6 

0 

1 

1 

0 

m 7 

0 

1 

1 

1 

m 9 

1 

0 

0 

1 

™12 

1 

1 

0 

0 

m, 3 

1 

1 

0 

1 

m, 4 

1 

1 

1 

0 

m 15 

1 

1 

1 

1 


Table 11 






Table 13 



Table 14 
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F mally reducing th is Table 14. 
Group 


4-81 


Map. 


nr. 


m 


,2 ' "‘ 14 ’ In 4» m 12 , m 6 , m I4 

m 7> m M> m 15 , m 6> m 14> m 7 , m, 5 

— -14’ m i3’ m i2» m 14 , m 13 , m 15 

Table 15 


A 

B 

C 

D 


X 

1 

X 

0 

-> P C 

X 

1 

l 

X 

P I) 

1 

1 

X 

X 

~> P K 


Now 
Jr table 

Step V : Cover tabic 


cover table. con stder remaining terms from Table 13 and final terms from Table 15 and make 


Prime Implicants 

P A = X 0 0 

P B =1X0 
p c = X 1 X 

P D = X 1 1 

P E = 1 1 x 


Minterms 



m, 

m 4 

m 6 

m 7 

m 9 

m, 2 

nl 13 

m l4 

m l5 

1 

X 




X 





1 





X 


X 



0 


X 

X 



X 


X 


X 



X 

X 




X 

X 

X 



- 



X 

X 

X 

X 



/ 

/ 

/ 


/ 

/ 

/ 

/ 


Table 16 


, , P ,° * D , a '' d Pe are im P l,can,s If P c , P D and P E ; these terms will cover minterms 

4, 6, 7, 12, 13, 14, 15. Now only remaining terms are P A and P B . These cover minterms 1 9 atgU3_llm 
minterm 13 is already covered by P E . Therefore consider only minterms 1 and 9. . 


So reduced cover table. 


Prime Implicants Minterms 




in. 


m. 


Pa 

= X 

0 

0 

1 

X 

X 

P B 

= 1 

X 

0 

1 


X 


V 


LIBRARY 

- r iwj IT 

i \ vi 




Table 17 

. Observing Table 17, we can conclude that if prime implicant P A is selected, it will cover minterms 1 
and 9. Therefore we need not consider P B . 


Final reduction 

F( P A , P c , P D> P E ) = {X001,X1X0,X1 I X, 1 1 X X} 
F(A, B, C, P) = BCD + BD + BC + AB 


...Ans. 


10. Simplify the following expression using K-map and realise using minimum number of 
2-input gates. (Dec. 97, 6 Marks) 

f(A, B, C, D) * £ m (2, 3, 4, 6, 7, 9, 10, 13,15) 
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Minterm. M a xtemiandK^nauj 
variables (A, B, C, D). 


Qiartal^ 

s highest state = 15, therefore K-map required will be of 4 
ep . Now first draw basic skeleton of K-map. 

i e 2 a r CSCn ^ ^ox * s empty. Write down 1 in the box whose number is specified in the examp 

' 6 2 ‘ 3 ’ 4 > 6 > 7 > 9 , 10 , 13 , 15 . 

Remaining boxes of K-map should be filled up with zeros. 



After making different groups of ones write down output equation. 

» 

Y = AC + ACD + ABD + ABD + BCD 
(1) (2) (3) (4) (5) 

= AC + ACD + B(AB + AB) + BCD 
= C(A + BD) + ACD + B(AB + AB) 


Implementing above using Equation (2) 
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,, ... . . ~ M interm, Maxt erm and Karnau nh 

■ Minto '“ «Pre ss io„^,^^ uskey ta ^^; 

HA, B, C, D) = X m (,, 3, 7, 9, 10, 11, ,3, IS) (IW 


(Dec. 97, 10 Marks) 


Step I : List all the minterms. 

Minterms 


Binary equivalent 

A 

B 

c 

D 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 


Table 18 

Step II : From Table 18 arrange minterms with respect to 1. 


Binary equivalent 


<*roup Minterms A 

Group 1 nij 0 

m 3 0 

Group 2 1119 1 

m io 1 

m 7 0 

Group 3 m 11 I 

^ 1 

Group 4 2^15 1 

Table 19 

Step III : Using Table 19 prepare first reduction table. 

I I [ Binar 


Groin 


Minterms 


Group 1 

mj, m 3 
m,, 1119 


m 3 , m 7 
m 3 , m n 

Group 2 

m 9 , m n 

m 9> m 13 

1 m IO- m ll 

Group 3 

Kyi 

mmm 


equivalent 

C 

X 

0 

1 

1 

X 

0 

1 

1 

1 

X 
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Stop iv 


4 86 


table 20 list second reduction tnhle 




Binary 

equivalent 


Group 

Miutcnm 

A 

B 

c 

D 

l 

m,. m,. nvj. m, , 

\ 

0 

X 

1 

_ 

m,. m 9 , m v m, , 

X 

0 

X 

1 


»'v m 7 . m,,. n\,. 

X 

X 

1 

1 


,n .t- ni, ,. m 7 . ni |5 

X 

X 

1 

l 


"V m n< m, v tn n 

1 

X 

X 

1 


m„. m,,. m n . m, 5 

l 

X 

X 

1 


, Maxterm and Karnaugh 


Tabic 21 


Minterms 

Binary equivalent 

A BCD 

m,. m-,. m,). m,,. m,. tiV). m v m,, 

m 3* ni 7. u Mi' m t5’ m v m,,. m 7 . m, 5 
n V Hi,,, uij^. m, 5 . m 9 . m lv ni, , , m, s 

X 0 X 1 

XXII 

1 X X 1 


Tabic 22 


-> P 


B 


-> Pn 


-4 P 


D 


I 


Step VI : Now we have to consider remaining terms from Table 20 and final term from Table 22 
make cover table. 


and 



Prime Implicants 


111, 


m 7 

m 9 

>»10 

in,, 

"'ll 

'll 15 

Pa 

= 1 

0 

l 

X 





X 

X 



Pb 

= X 

0 

X 

l 

X 

X 


X 


X 



p c 

= X 

X 

1 

1 


X 

X 



X 1 


X 

Pd 

= 1 

X 

X 

1 




X 


X 

X 

X 


/ / / / / / 

Table 23 


Ail implicants are prime. 

F(P. V P B , P c . = {10 1X.XOX1.XX1 MX XI} 
F = ABC + BD + CD + AD 


Ml AltSi 


1 J. Minimise the following expression using Quine McCluskey tabular method. 

(May 98. 10 Marks) 

f(A. B, C, D) - ftM(0. 2, 3. 5. 6. 7, 9.13, 14, 16, 18, 19, 21, 22, 23, 25, 29, 30) 


Scanned by CamScanner 





Karnaugh Map 


Ans.: The max-terms are, 

f(A. B. C. D) = Sm(l, 4, 8. 10. 11. |2, 15. 17. 20. 24, 26. 27. 28. 31) 
Step I : List all the ininterms 


Mintcrms 


Binary equivalent 

A 

B 

c 

D 

E 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

0 

l 

1 

1 

1 

1 

0 

0 

1 

1 

1 

l 

1 


Tabic 24 


Group 

Mintcrms 

Group 1 

m l 


m 4 


m 8 

Group 2 

m io 


m 12 


m i7 


m 20 


m 24 

Group 3 

m ll 


m 26 


m 2R 

Group 4 

m 15 


m 27 

Group 5 

%1 


Binary equivalent 
A B C P 

0 0 0 0 

0 0 10 

0 10 0 

0 10 1 

0110 
10 0 0 

1010 
1 10 0 

0101 
110 1 
1110 
0 111 
1101 

1 — 1 . ~T 


Scanned by CamScanner 


T.ihln IS 




4-88 


M nterm Maxlerm 



^ S f^~ Tjt>te - > Prepare first reduction table 


||Bi 


Binary equivalent 




A 

B 

c 

Mi 

E 



nij. m ]7 

X 

0 

0 

0 

l 

Pa 


m 4 . m ]; 

0 

X 

l 

0 

0 

\ 


m 4 - m ;o 

X 

0 

1 

0 

0 

\ 

Group ! 

m S- ^10 

0 

1 

0 

X 

0 

\ 

> 


ID; ”• 

0 

1 

X 

0 

0 

\ 


m 8 . m ;4 

X 

1 

0 

0 

0 

\ 

1 

m to- m n 

0 

1 

0 

1 

X 

\ 


rn 10- 

X 

l 

0 

l 

0 

N 


nij2» 

X 

1 

1 

0 

0 

\ 

Group 2 

m :o% rn>^ 

1 

X 

1 

0 

0 

\ 


m :4 . m ; * 

1 

1 

0 

X 

0 

\ 


iru^ 

1 

1 

X 

0 

0 

\ 


m H- m 15 

0 

1 

X 

1 

l 

\ 


m j | * ni^-r 

X 

I 

0 

1 

1 

N 

Group 3 

| i 

m^ 6 , m> 7 

1 

1 

0 

l 

X 

\ 



m 15 . m 31 

X 

1 

l 

l 

1 

N 


1U27, | 

1 

1 

X 

1 

l 

J 


Table 26 


Step IV : From Table 26 prepare second reduction table 



\ 

\ 

N 

V 

\ 

V 

* 

\ 

V 
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Minterms 


P A = X 0 0 0 1 
P B = X 1 o • X 0 
P c = X X 1 0 0 

P D = X J X 0 0 

P E - X I 0 1 X 

P F = X 1 X 1 1 


X 







1 / 

X 




27 

M 2K 

"'ll 



X 

X 






X 

X 





JLJ 




X 



X 




X 




X 



X 




X 



X 





X 

X 






X 

X 







X 


' X 





X 


X 


Tabic 29 


.Step VII : We conclude that if prime implicants P A , P c , P D , P E and P F arc selected. It will cover all 
lie minterms. Therefore we need not consider P B . 

.*. Final reduction 

F(P a , P c , P d , P e , P f ) = {X 0 0 0 1, X X 1 0 0, X 1 X 0 0, X 1 0 1 X, X 1 X 1 1 } 


F(A, B, C, D, E) = BCDE + CPE + BDE + BCD + BDE 


... Ans. 


14. Consider following boolean expression : 

Y = EjEj "E E-jEq 4’ E 2 E,E 0 

(i) Show K-map for this function. 

(ii) Reduce it by using K-map. 

Ans. : (i) Observing the expression we conclude that it has 4 variables. 
Draw basic skeleton of 4 variable K-map. 


(May 98, 3 Marks) 
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15. Draw Veitch diagram for the following function : 
f(A 3 , A 2 . A,, Aa) = £ m (0, i, 2 , 8, 9, 10, 13, 15) 


— MiQtg£ m. Maxterm and Karna,, ^ Map 


i_, , (May 98, 5 Marks) 

given known miniemisLd ^ Skelet ° n ° f K ' maP ’ WrUc 1 for lhc 



Y = 

BD 

+ ABD + 

BC 


(1) 

(3) 

(2) 


16. (a) Make a K-map for the function 


Ans.: 


Y = AB + AC + C + AD + ABC + ABC 


AB 

SCD 

CD 

CD 

CD 

CD 


\ 

00 

01 

11 

10 

AB 

00 

0 

0 

1 

1 



0 

1 

3 

2 

AB 

01 

0 

0 

1 

1 



4 

5 

7 

6 

AB 

11 

1 

1 

1 

1 



12 

13 

15 

14 

AB 

10 

1 

1 

1 

1 



8 

9 

11 

10 


(May 98, 2 Marks) 


(b) Express Y in standard SOP form. (May 98, 3 Marks) 

Ans. : Y = AB + AC + C + AD + ABC + ABC 

= AB (C + C) (D + D) + AC (B + B) (D + D) + C (A +A) (B + B) (D + 5) 

+ AD (B + B) (C + C) + ABC (D + 6) + ABC (D + D) 


Scanned by CamScanner 




I 


J al ' — , 4-92 Minteim. Maxterm and Karnaugh Map . 

AHC’I) i ABCD I ABCD t ABCD f ACBD + ACBD + ACBD 
' ACBD t (AC + AC) (B + B) (D + D) + ABCD ABCD + ABCD + ABCD 
1 A BCD + ABCD + ABCD + ABCD 

ABCD + ABCD + ABCD + ABCD + ACBD + ACBD + ACBD + ACBD 
* ABCD + ABCD f ABCD + ABCD + ABCD + ABCD + ABCD + ABCD 
- ABCD -t ABCD -) ABCD ( ABCD + ABCD + ABCD < ABCD + ABCD 

Y ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD 

1_ABCD f AB CD + ABCD + arph 1 -Ans. 

(O Minimise it and realise the minimized expression using NAND gate only. (May 98, 4 marks) 

A >i . — - 


As A ) A » | 


Y ~ AB + AC + C + AD + ABC + ABC 
= AB + AC + C + AD + AC (B + B) 

= AB + AC + C + AD + AC 
= AB + A(C + C) + C + AD 
= AB + A + C + AD 
= A(B + I) + C + AD 


“ A + C + AD 
= A (1 + D) + C 
* A + C 

= aTc 

As A = A and using Dcmorgan ihcorcm 
A +C = A . C 

r v ° A.c 

Implement this using NAN D gate 


(V 1 +B = 1) 


-A = 


...Ans. 



Fig. Q.4A6 


...Ans. 
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(d) Express Y in standard POS form. 

Ans. : The minimised expression from last answer is. 


Minterm. M axterm and Karnaugh Map 
(May 98, 3 Marks) 


Y = AC 


*'• Inp OSform, Y = AC (B + B)(D + D) 
Simplify this, we get. 


-X (A + B + C + D) (A + B + C + D) (A + B + C 


(e) Minimise it and implement it using NOR gates only. 

AnS ‘ : Y = (A + B + C + D)(A + B + C + D)(A + i + C + 

= (A + B + C) (D + D) (A + B + C) (D + D) 

Y = (A + B + C) (A + B + C) 

= (A + C) (B + B) 

Y = A + C 
Now using Boolean law 

A + C = A + C 


+ D) (A + B + C + D)j 

... An s. 
(May 98, 4 Marks) 

D) (A + B + C + D) 
{AsA + A = 1} 


Y = A + C 


...Ans. 

17. Simiplify the Veitch diagram and obtain reduced SOP form expression. 
f(A 3 , A 2 , A,, Ao) = I m (0, 2, 3, 7, 9, 10, 1 1) 

(i) Find reduced expression using Boolean Algebra. (Dec. 98, 4 Marks) 

Ans.: According to minterms write expression for each term. 

Y = A 3 A 2 AjAq + A 3 A 2 A j Aq + A 3 A 2 Aj Ag + A 3 A 2 AjAq 

* ” + A 3 A 2 AjAq + A-jA 2 AjAq + A-jAjAjAq 

As A + A = A 

So adding some terms to the equation we get 

Y “ A 3 A 2 A,A 0 + AjAjAjAq + AjAjAjAq + A 3 A 2 A, Aq + A 3 A 2 A l A 0 + A, A^Aq 

+ A 3 A 2 Aj Aq + A 3 A^Aq + A 3 A 2 AjA 0 + A 3 A 2 AjAq 
* A 3 A 2 Aq(Aj + A t ) + A 3 AjAq (A 2 + A 2 ) +A 3 A 2 A i( Aq + A 0 ) + A 3 A 2 Aq(A, + A t ) 

+ A 3 A 2 Aj(Aq + Aq) 
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MintermMaxlein 


- A,A 2 A 0 + A 3 AjA 0 + A 3 A 2 A| + A 3 A 2 A 0 3 2 
= A 3 A 2 A 0 + A 3 A,A 0 + A 2 A,(A 3 + A 3 ) + A 3 A 2 Ao 

= a 3 a 2 a 0 + a 3 a,a 0 + a 2 a, + a 3 a 2 a 0 

Y = A 3 A 2 Aq + A3AJAQ + A 2 A! + A 3 A 2 Ao 


(ii) Find reduced expression using K-map. 
Ans. : 



Y = A 3 A 2 A 0 + A 3 A, A 0 + A, A 2 A„ + A, A , 

. Minimise following expression using Quine McCluskcy technique. 

f(A 3 , A 2 , A,, Aq) = Z m (0, 1, 4, 6, 13, 15, 16, 17. 29, 31) 
ns, : 


p I : List all the minterms. 


Minterms 

A 

B 

c 

D 

E 


mo 

0 

0 

0 

0 

0 

< 

m i 

0 

0 

0 

0 

1 


m 4 

0 

0 

1 

0 

0 


m 6 

0 

0 

1 

1 

0 

< 

m I3 

0 

1 

1 

0 

1 

V 

m 15 

0 

1 

1 

1 

1 

V 

m 16 

1 

0 

0 

0 

0 

V 

m 17 

1 

0 

0 

0 

1 

v 

m 29 

1 

1 

1 

0 

1 

< 

m 31 

1 

1 

1 

1 

1 

< 


Table 30 


and Karn_au 9 h_Wlap:- 

* 

...Ans. 

(Dec. 98 , 4 Marks) 


...Ans. 

(May 98, 10 Marks) 
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-Step II : Arra nge minterms according to number of l's 

I Group P Minterms" A B 


Imterm, Maxterm and Karnaugh M a 


Table 31 

Step III : Usi ng Table 31 prepare first reduction Table 
Group Minterms A B 

1 ni 0 , in, o o 

m 0 , m 4 o o 

nyni| ft x o 

2 ni,. in, 7 x 0 

nl 4> ni 6 o 0 

nt l6’ m l7 I 0 

4 m 13 , nt , 5 o i 

ni|3* ni 2 9 X 1 


m 15 , m 31 x 
m 29» m 31 1 


Table 32 

Step IV : Using Table 32 prepare second reduction table 


Minterms 


m 0 . m,. m, 6 . m I7 
mo. m 16 . m,, m, 7 


m j3. m jj, m 2 9, m 31 X 

m 13 . m 2 9* m 15 , m 3 j X 


Table 33 


c 

D 

E 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 


c 

D 

E 

0 

0 

X 

X 

0 

0 

0 

0 

0 

0 

0 

1 

1 

X 

0 

0 

0 

X 

1 

X 

1 

1 

0 

1 
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M interm, 


Maxterm andj<arnau; 


,hMai 


Step V : 


Minterms 

A 

B 

c 

D 

E 

m 0 , m,, m 16 , m 17 , m 0 , m 16 , m,, m 17 

X 

0 

0 

0 

X 

nij-j, ni | tj , m 29 , m 31 , nij 3 , m 29 , nijj, m 3 j 

X 

1 

1 

X 

l 


Pc 

Pd 


Tabic 34 


Step VI : Now we have to consider terms from Table 33 and some terms from fig- 
over table. 


Prime Implicants 


m o 

m l 

m 4 

m 6 

m 13 

m 15 

m 16 

m ;7 

*"ZV 

m 31 

Pa = 0 

0 

X 

0 

0 

X 


X 








P B = 0 

0 

1 

X 

0 



X 

X 







Pc = X 

0 

0 

0 

X 

X 

X 





X 

X 



X 

ii 

Q 

a. 

1 

1 

X 

1 





X 

X 



X 

X 






V 

V 



V 

V 

V 

V 




Tabic 35 

P B P c and P D are essential implicants. If we cover P c and P D , these terms will cover minterms 0, 1 , 
», 13, 15, 16, 17, 29, 31. By taking these three terms, P A is covered. 

.*. Final reduction 

F(P b , P c , P d ) = { 0 0 1 X 0, X 0 0 0 X, X 1 1 X 1 } 


F(A, B, C, D, E) = ABCE + BCD + BCE 


...Ans. 


19. Draw a Veitch diagram for the following function and find the reduced expression. 


f(A 3 , A 2 , A,, A<,) = nM (2, 3, 7, 8, 10, 12, 14) 


(May 98, 6 Marks) 


Ans. : 
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As it is product of maxtcrms make groups of zeros. 
Output equation is 


Minterm, Maxterm and Karnaugh Map 


Y = ( A o + A 3> ( A 3 + A 2 + A i) ( A 3 + A i + A „) 

ill 0) (3) 

20. Simplify the following expression using K-map and realise using any 2-input gates 

f(A, B, C, D) = I m (1, 2, 9, 10, 11, 14, 15) (June 99, 6 Marks) 

Ans. : 


CD 

00 

CD 

01 

CD 

11 

CD 

10 

0 

0 

M 

i 

0 

3 

JJ 

2 

0 

4 

0 

6 

0 

; 7 

0 

6 

o 

12 

0 

1J 

( 

) 16 

"1) 

14 

0 

8 

( — \ 
1 

t 

llZ. 

i 11 

(vf 

to 


Output equation, Y - AC + BCD + BCD 

= AC + B(CD + CD) 

Y = AC + B(C © D)" 

Implementation of above equation using any 2 input gates. 

— i 

^C$D r — x— 

Zwiiceo) 


...Ans. 


-Y = AC + B (C © D) 


Fig. Q- 4.20 

M . Draw K-ntap for tbe following expression t 

v « ABCD + BC + BD + ABCD 

Ans.: Refer Section 4.*, Ex. 24 (v). 


...An** 
(June », 6 Martu) 
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Minterm, Maxterm and Karnaugh Mgj> 


f(A, “ Si " 8 QUine McCluskc > >^ular method : 

I Refer Section 4 9" Ex “ j <I ’ 3 ’ 5,I0 ’ U,12 ’ ,3 ’ ,4 ’ I5 > (June <W, 10 Mark*) 

”• W Make a K-map for the function 

V - AB + AC + C + ABC + ABC 


Ans. : 


(Dec. 99, 2 Marks) 


A 4- 


3C 

BC BC BC BC 

-OP 01 11 10 


aQ> 


1 


m 


0 


1 


m 


*© 


X ~ C + A = A + C 


(b) Express Y in standard SOP form. 


Ans. : 


...Ans. 
(Dec. 99, 3 Marks) 


As (A + A = A) 


As (A + A = 1) 


Y = AB + AC + C + ABC + ABC 

= AB (C + C) + AC (B + B) + C(A + A) (B + B) + ABC + ABC 
= ABC + ABC + ABC + ABC + ABC + ABC + ABC + ABC 
= ABC + ABC + ABC + ABC + ABC + ABC 
= AB (C + C) + AB (C + C) + AC (B + B) 


Y = AB + AB + AC 
But Y in standard SOP form is, 

Y = ABC + ABC + ABC + ABC + ABC + ABC 
(c) Minimise it and realize using only NAND gates. (Use K-map) 

Ans. : From K-map 

Y = A + C 

Y = A + C 

(Now using Demorgan theorem A + B = A • B) 

/ 

Y = AC 


Y = AC 


... Ans. 
(Dee. 99, 4 Marks) 


...Ans. 


Now implement above equation using NAND gates only. 
Scanned by CamScanner 







Fig. Q.4.23 (a) 

(<1) Express Y in standard POS form 

Ans. : The K-map for Y is, (Dcc ‘ 4 M ark*) 


A 
A 0 

A 1 


B+C B+C B+C B+C 

0+0 0+1 i+i 1+n 

1 



1 

(oj 


1 

1 

1 

1 


XD 


Making groups of zeros we get, 

Y = (A + C) 

In standard POS form, 


Y = ( A + C + BB) 

Y = (A + B + C) (A + B + C) 

(e) Minimise it and realize it using only NOR gates (use K-map) 
Ans. : From K-map, Y = A + C 
As A = A 

Y = A + C 

Implementation of above equation using NOR gates only. 

a — > r- - ~r$>T 


... An s* 
(Dec. 99, 4 Marks) 


« « .Ans. 
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4-100 


Minterm. Maxterm and K arnaughMgk- 

24. Minimise the following function using Quine McClusky method : (Dec. 99, 10 Marks) 


f(A, B, C, D, E) - X m (8, 9, 10, 11, 13, 15, 16, 18, 21, 24, 25, 26, 27, 30, 31) 


Ans.: 

Step I : List all the minterms. 


; 


Minterms 

A 

B 

c 

D 

E 


m 8 

0 

1 

0 

0 

0 

V 

m 9 

0 

1 

0 

0 

1 

V 

m io 

0 

1 

0 

1 

0 

V 

mu 

0 

1 

0 

1 

1 

V 

m 13 

0 

1 

1 

0 

1 

V 

m 15 

0 

1 

1 

1 

1 

V 

m 16 

1 

0 

0 

0 

0 

V 

m 18 

1 

0 

0 

1 

0 

V 

| m 21 

1 

0 

1 

0 

1 

V 

m 24 

1 

1 

0 

0 

0 

V 

m 25 

1 

1 

0 

0 

1 

V 

m 26 

1 

1 

0 

1 

0 

V 

m 27 

1 

1 

0 

1 

1 

>/ 

%0 

1 

1 

1 

1 

0 


m 31 

1 

1 

1 

1 

1 

>1 


Table 36 


liC- 


Tahlo 'Kn 


I 
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Group 

Minterms 

A 

B 

c 

D 

E 1 

1 

m 8 

0 

1 

0 

0 

0 ^ 


m 16 

1 

0 

0 

0 

0 H 


m 9 

0 

1 

0 

0 

1 H 


m 10 

0 

1 

0 

1 

0 U 

2 

m 18 

1 

0 

0 

1 

o H 


m 24 

1 

1 

0 

0 

0 p 


m ll 

0 

1 

0 

1 

1 I 

■ - *v~: - 

r m 13 

0 

1 

1 

0 

1 p 


m 2i 

1 

0 

1 

0 

1 1 

- 

£ 

1 

1 

0 

0 

1 1 


m 26 

1 

0 

1 

0 


m 15 

0 

1 

1 

1 

1 

4 

m 27 

1 

' i 

1 

0 

1 

1 


m 30 

1 

1 

1 

1 

0 

5 

m 31 

1 

1 

1 

1 

1 1 




A 






sPc / or? • t *•: < i ■ 7 •. * 
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nterm Maxtenrr and Karnaugh Map 


"v • rear* vjfrk. 


_ "C . - C' CU \> 


l«y 

m - • 

-,] 

nv * 

m l« 




m :4 

m :5 

m :6 

m^ 


3 

\ X 

X 


■ 

■ 

■ 

■! 


X 

X 




n 

\ : « \ 

X 

E9 

■ 

u 

n 

■ 

| 

■ 


X 

X 




Ml 

|F.»x::v: \ | 

r 

X 

■ 

■ 

■ 

■ 



X 





■| 

v 


■ 

■ 


— 

X 

X 


X 

■ 

X 



Ml 

f?j = :iv\i | |x 


X 

X 

X 




; 






= v ; i x 

r 

X 

■ 

■ 


■ 


■ 

X 


X 


■ 

- . = \' * ' \ 

A 

X 

X 


■ 




■ 

H 1 1 

■ 

X 

X 


M 

^:::xx j 



l 

■ 


■ 



X 

X 

X 

X 


Ml 

- = \ . , . 


1 

H 

■ 

j X 

■ 


C 




X 


! x 

? = x:x 

— 

1 

■ 

■ 

■ 


■ 

■ 

■ 


X 

X 

n 

X 


ire . r irz re e* 
x samniaa * . 


2 a it ti 15 tliese terras are cohered b> P\ 16. IS are covered by prime unpheani Pq. 1? 
K ?_ :? 2'. 50 arc 5 1 are covered b> P- Nknterm 21 is noi covered so we will \vnte 


L 


p p t p_. P-, p. ' = { 01 'XX. 1X0X0. 01XX1. 11X1X. 10101 ) 
f A.B.C.D.B= ABC - ACE - ABE - ABD - ABCDE 


...Aos, 


□ □□ 
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Combinational Logic 
Circuits 


Syllabus : 

Mixed logic combinational circuits, Multiple output functions 


Name of the Topic 

Section 

number 

Theory 

1 

Problems 

• Introduction 

5.1 



• Multi-input multi-output combinational circuit 

5.2 

- 

V 

Code conversion 

5.3 

- 
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_D|Sital_ 

-^1 Introduction . 


5-2 


Combinational Logic Circuits 


technique us^^ "* a ' varc "hh numbering system, codes, boolean expression, logic gates, reduction 

knowlcdgcf"^ • ma ^* Q'" nc Mc-cluskcy method etc. Now in this chapter, we arc going to use this 
that indi i 7 d,ffcicnt a PPhcations in Digital Electronics. But before this. I would like to inform you 
S . \\ c can configure any circuit under either sequential or combinational circuit. 

y 

> ' Digital Electronics 

i 

r 1 


Combinational Circuit 

i 


Sequential Circuit 

i 


( ) Combinational circuit is one tvhose ^ output at a (1) Sequential circuit is a logic circuit whose 

spe cified time is function of the inputs at that output at specified time is a function ot the 

timc - inputs at that time as well as finite number of 

inputs of preceding time. 

(2) Output of combinational circuit depends purely ( 2 ) Sequential circuit requires Memory element , 
u P on PRESENT input, th erefore it doesn't because its output depends upon present as 

require Mentor y to store past input s (preceding well as preceding inputs, 

inputs). 

(3) Basically sequential circuit is combination of 
Memory element and Co mbina tional circuit 

Presently we are going to concentrate upon Combinational logic circuits. 

Combinational Logic Design : 

In chapter 3 i.e. Boolean Algebra and Logic Gates, every time function was given to you 
(either specifying inaxtenn or mintenn) and you were asked to minimise it. But the questions, from 
where this function is derived ? Where is the origin of the function ? 

The answer for the question is, actually what you learned last time was just base platefonn for 
designing combinational circuits. Let’s see steps involved in designing. 


(1) You will be given a problem. 

(2) You analyse the problem and define some variables. 

(3) After defining variables, you prepare truth table. 

(4) From the tmth table you get function intenns of inaxtenn or mintenn. 

(5) Now apply K-map or any, minimisation technique and derive boolean expression, providing 

nijnimiim hardware. 


Now in this chapter you have to perfonn step l to 5, very correctly. For understanding let’s solve one 
example. 


■ “ ~7 . n jn Fig 5.1, a combinational logic circuit is required for following specifications : 

Ex - 1 : AS ' (Dee. 96, 10 Marks) 
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Fi". 5.1 


Solri. 


Inputs are four lines A 3 , A 2 , A 1t A u 
(A 3 = MSB), carry binary equivalent 
of decimal digit 0-9. 

Output Y is ’1* when input 
contains two or more bits J T, 
otherwise output Y = 0 
Implement necessary logic using Nor gate. 

(1) Read statement carefully and*conclude some points : 

(a) No. of inputs lines are A 3 , A 2 , Aj, Aq i.e. 4. 

(b) Number of input combinations for 4 bits will be 2 n = 2 4 = 16 (n - no. of bits) 

(c) But in the’ problem it is mentioned that it carries binary equivalent of decimal digit 
Therefore, remaining states i.e. 10 to 15 will be treated as Don t Care Condition _ 

(d) Output Y depends upon number of l's in nibble A 3 - A 0 . i.e. Say. i 5 2 1 °. 

(000 1) 2 . Number of l'S are only one, therefore less than 2, therefore Output Y for (000 : is 

equal to 'O'. But if A 3 A 2 Aj Aq = (0111) 2 , then number of 1’S are 3 i.e. greater than , 

therefore Output Y = T. 

(2) Now prepare truth table for this example. Truth table will contains two^ column Input(s) an 
rv. TT — I — A AAA nnd nntnut is only Y. 


Decimal 

Input(s) 

Output 

Y 

A3 

A 2 

At 

A 0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

0 

3 

0 

0 

1 

1 

1 - 

4 

0 

1 

0 

0 

0 

5 

0 

1 

0 

1 

1 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

1 

10 

1 

0 

1 

0 

X 

11 

1 

0 

1 

1 

X 

12 

1 

1 

0 

0 

X 

13 

1 

1 

0 

1 

X 

14 

1 

1 

1 

0 

X 

15 

1 

1 

1 

1 

X 


Don’t care condition 
because input 

changes from *0’ to ‘9’ ONLY 


Table 1 


( 3 ) 


Now draw K map, encircle Ts, therefore answer will be in SOP form. 
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Fig. 5.2 (c) 















5-5 


/\ s j a j — ~ — . Combinational Logic Circuits 

staircase* at ' T* ^ C ° ntrolled by Kvo switches, one at the top and another at bottom of 
"case as shown in Fig. 5.3. 

(') Make a truth table 

00 Write the logic equation in NAND NAND form 
'") Reali2e circuit using AND-OR gates. 


<To~7 

V " 0 


0 6 1 

V s , 


1 

Supply Lamp 
(a) 


Sl \ 2 S, s, 
s, 


0 


0 

0 


(h) 


->Y = S,S 2 


Fig. 5.3 



Implement using AND-OR gate is shown in Fig. 5.3 (c). 


Ex. 3 : A 4 bit binary number is represented as A 3 A 2 A 1 \ where A 3 . Aj. A t and A 0 represent the 
individual bits with A 0 equals to the LSB Design a logic circuit that will produce a HIGH 
output whenever binary number is greater than (001 0) 2 and less than (1000) 2 . 


(June 99, 2 Marks) 
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S °ln z _rTh cjnith tab lr n 
Decimal 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 


A; 

0 
0 
0 
0 
0 
0 
0 
0 

1 
1 
1 
1 
1 
1 
1 
1 


1 


1 


Output 


Y 


0 

0 

0 


1 

0 

0 

0 

0 

0 

0 

0 

0 


Table 3 


combinational Logic Circuits 


Number within (0010), 
and (1000) 2 


Output is logic high when binary number is greater than (not equal to) (0010), and less than 
(not equal to) (1000),. 


. >? lA ° A.Aq 

A,A 0 

AiA 0 

A 1 A 0 

A 3 A 2 \ 

00 

01 

11 


10 

A ? A ? 00 

0 

0 


n) 


0 


0 

1 



3 j 

2 








A3A2 0 1 

0 

1 


. 1 , 


0 

4 

5 

^ 7 

6 

A3A2 1 1 

0 

0 

0 


0 


12 

13 


15 

14 

> 

0 

>1 

0 

0 

0 

0 


0 


8 

9 


11 

10 


O/P Y = A 3 A 2 + AjA^Aq 
=A 3 (A 2 + A,A 0 ) 



A 3 (A 2 + AjAq) 


(a) 


Fig. 5.4 


(b) 


Ex. 4 : Design a logic circuit whose output is HIGH only when a majority of inputs A, B, C 
are LOW. 

Soln. : ( 1 ) There are three variables A, B and C. 

(2) Number of states will be T = 2 3 = 8 . 
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Digital 


II 



(4) This c * rc uUis~~uscd~f^7BCD ~ — Combinational Logic Circuits 

^ Edition, for checking, if the final answer is crossing boundary 

Table 



0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 


A 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 


A o 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


(6) K-map : 


^ A i A o — — — 


Table 5 


A A\ A 1 A 0 A 1 A o A i A o A i A o 

a 3 a 2\ 00 01 11 10 

A 3 A 2 00 


a 3 a 2 01 

A 3 A2 11 

a 3 a 2 1 0 


0 

0 

0 

1 

0 

3 

0 

2 

0 

4 

0 

5 

0 

7 

0 

6 





0 



pp 

m 

P 

12 

^ 13 


mvt s 


14 

00 

O 

0 

9 


III 

■i 

10 


a 3 a 2 


© (2) 

O/P Y = A 3 A 2 + A 3 At 

(a) 


Fig. 5.6 


Output 


Y 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


1 


1 


1 


1 



Number > 9 


o 


A 3 A 2 




Y = 
’A 3 A 1 + A 3 A 2 


a 3 a 1 


(b) 


EX ’ * CirCUit is a valid *ing.e digit BCD data. Design the logic 


circuit using minimum hardware to detect whenever 
input. 


a number greater than 5 appears at the 
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AB 
AB 00 

AB 01 
AB n 

AB 10 


CD CD CD CD 
00 01 11 10 

0 

0 

0 

1 

0 

3 

0 

2 

0 

4 

0 

5 


7 


6 






14 

I s , 

X 

13 

H 

k* 


L, 

1 

X 




w 

11 


10 



Y = A + BC 


00 


Fig. 5.7 


(b) 


y Ex. 7 : Fig. 5.0 shows diagram for an automobile alarm circuit used to detect certain undesirable 
conditions. The three switches are used to indicate the status of the door by the driver's 
seat, the ignition and the headlights respectively Design the logic circuit with these switches 
as inputs so that the alarm will be activated whenever either of the following conditions 
exists: 
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The hea diightsarToi^while ignition OFF 
The door is open while ignition is ON 


Combinational Logic Circuits 


+ 5V 



Soln. : (1) Conclusion after reading problem carefully. There are mainly three variables. 

t (a) Door, (b) Ignition, (c) Head light. 

Let's say Door — » Variable A 

Ignition — > Variable B 
Head light -* Variable C 

(2) Switch ON => Logic T 
Switch OFF => Logic t)' 

(3) Door open => Logic T 
Door closed => Logic *0'. 

(4) Basically user is interested in only mentioned two conditions in the problem. But if we write 
troth table. We arc going to get total 2" = 2* » 8. So just go on checking for. 

(a) Head light -> ON -> logic T. while 
Ignition — > OFF — > logic *0' 

(Here you need not check Door open/dosed) 

(b) Door open -> logic T while 
Ignition ON — > logic T. 

(Here you need not check head lights) 
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- is 

Inputs 

Output 

^ Poor 

_I®nition 

Headlight 

Alarm 

A 

B 

— ■ — — a 

c 

Y 

0 

0 

0 

t ! 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

1 

1 

0 

I 

0 

0 

0 

1 

0 

1 

1 

1 

1 

0 

1 

1 

- L_ ! 

1 

1 

1 

Table 7 



Ignition OFF, headlight ON 


— » Ignition OFF. headlight ON 
-TjDoor open 
— Ignition ON 


K) K-Map: 



fa) 


Fig. 5. 



EX. t : The input to a combinational logic circuit is a valid single digit 7421 BCD data Design the 
logic circuit using minimum hardware to detect when an even number appears on input 

8oln, ; Truth tabic is. 


Decimal 

Input 

Output 

Y 


“2 _ 

_lL_ 

»0 

7 

4 

2 

1 BCD 


0 

0 

0 

0 

0 

I 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

1 

1 

0 

0 

1 

1 

0 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

0 

0 

0 

1 

1 

0 

1 

7 

1 

0 

0 

0 

0 

8 

1 

0 

0 

1 

I 

9 

1 

() 

1 

0 

0 


Tabic H 
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Digita l 

Since a valid BCD is only up to 9. 

conditions. 

The K map is shown in Fig 5.10 


5-12 _ - — — — __ 

,hc other rciiemiinr; cm b, -.»» b* '•*" 


CerTt*# '" 9 '4 






cjrcujt js tQ be designed tha t has one control line and three data Itnes. Wien 
control line is low, the circuit should detect whether at least two of the data lutes are 
simultaneously high. When control line is high, output lines should be low. 
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NP'°» D,D 0 D,D 0 O,D 0 D,D 0 

x -* 11 10 


C ^2 \ DO 01 


CD-2 CO 

0 

c 

0 

1 



3 

0 

2 

C D, 01 

0 

4 

G ! 

5 


.d 



CO, 11 

0 

0 

0 


0 

4L 

12 

13 


15 

14 

OD2 10 

0 

0 

0 


0 


5 

9 


11 

10 


c — [>>- 

D, 


Dn — ' 


Ot- 





•i + D o 


C0 2 (Dq -»• Di) 
Y 



'i 



COfDg 


O P Y = CD 2 (D 0 + D,) + C Dt D 0 
Fig. 5.11(a) 


Fig. 5.11(b) 


Ex. 10 : i r,e conditions under which an insurance company will issue a policy are : 

(0 A married female 25 years old or older, or - 

(ti) A female under 25 years or 

(iii) A married male under 25 years with no accident record, or 
(hr) A married male with no accident record, or 
(v) A married male under 25 years with accident record- 
Obtain a simplified logic expression stating to whom a policy can be issued. 
Soln. : The input variables include : 

(I) Male / female, (ii) Married / unmarried 1 . ~ — 

(iii) Age > 25 years, (iv) Accident record. 

We assume the following conditions : * 


(a) A = 0 

= 1 

(b) B = 0 - 

1 

(c) C = 0 

= 1 

(d) D = 0 

= J 


Male 
female 
Unmarried 
Married 
age < 25 years 
age> 25 years 
No accident 
Accident 


The truth table is illustrated in Table 10 and 1 L 



Input 

Output 


A 

B 

c 

D 

Y 

(0 

1 •* 

1 

1 

X 

1 

(ii) 

1 

X 

0 

X 

1 

(iii) 

0 

1 

0 

0 

1 

(iv) 

0 . 

1 

X 

0 

1 

(v) 

0 

1 

1 

1 

1 


Table 10 
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Y = AC + BC + BD 


Fig. 5.12 


Output Y = AC + B (C + D) 


Ex. 11 


Fig. 5.13 shows four switches that are part of the control rim. it™ I 

switches are at various points along the path of the copy DaDer aPth C ° PV machine ‘ The 
.he machine. Each switch is norlll, P “" d ' hf ° U9h 

zzsj: z:t: sss sr s * ,o be 

hme Use K-map and take advance o. Lt SW#0h8S Cl ° Sed ** 8 
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Combinational Logic Circuits 


V, 


cc 


Soln. : (1) 


( 2 ) 

( 3 ) 

( 4 ) 

( 5 ) 

( 6 ) 


As shown in Fig. 
Switch open 
Switch closed 
Switch open 
Switch closed 



5.13. 

-> Input to logic circuit is logic '1' 
Input to logic circuit is logic 'O' 
logic T 
logic 'O' 


-» 

-> 


There are four switches S„ S 2 , S 3 , S 4 : four variables. 

Number of states will be 16 = 2 4 . 

First chccfc for S, and S 4 closed (i.e. logic '0') and put don't care at the output column, 
because as mentioned in problem, Sj and S 4 closed is impossible. 

Now check for two or more keys pressed, or in short check for two or more '0's in a row 
Truth Table. ’ 
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Combinational Logic Circuits 


(7) K-Map : Refer Fip. 5,14. 



Ex. 1 2 : Design a combinational circuit such that ithas four inputs WXYZ and one output F.,O t and D 2 

represent two binary numbers each consisting of two bits WX and YZ respectively The 
output F is to be HIGH only if jD, - D 2 I < 2. Write the truth table. 

Using K map reduction technique, find a minimum sum of product form and implement using 
ALL NAND logia 

Soln. : The truth table is illustrated in Table 13. 





Input 


| Output 

Decimal 


W 

X 


Y 

z 

F 

i o 

0 

0 


0 

6 

1 

l 

o 

0 


0 

i 

1 

> 

• 

0 

0 


1 

0 

T 0 

5 

0 

o 


1 

l 

_0 j 

4 

0 

i 


0 

o 

* | 

5 

0 1 V 


0 

1 

i i 

0 

0 

i 


1 

0 

i 


1 

0 

! i 


1 

Ll 

v - ' 

$ j 1 

0 


0 

0 

0 

, i 

4 

{ 

1 

i 0 


5 

1 

j ■ -I— J 

10 

1 

1 

0 


i 

0 

J ! — 1 

11 


1 

0 


i 

1 

■ 1 - 

\2 

"1 

1 

1 

1 


i 

0 

0 1 

13 

i 

1 

1 


d 

1 

0 

14 

S 

1 1 

1 

1 

i 

0 

1 


1 

TT 

1 


i 

Ll 

1 
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Hie K map is illustrated in Fig. 5.15. 


G-1/ 


Combinational I ojjlo Circuit 



O/P Y = WY + WY + WXZ + XYZ 
= (W © Y] + WXZ + XYZ 



Fig. 5.15 

To implement using o nly N AND, Output Y can be wri tten as, 
Output Y = WY + WY + WXZ + XYZ 


= WY . WY . WXZ XYZ 
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n aeroplane is to be equipped with a warning system that alerts the pilot under certain 
conditions of danger. The warning system monitors three instruments These instruments 
>n icafe altitude, air speed and state of landing wheels a landing warning lamp should glow if 
e air speed is less than the cruising speed and landing wheels are not down If wheels are 
own and the pilot is at proper landing altitude, but not at the proper landing speed. Assume 
at only the logic level voltages are to be produced by the warning system 
elationships between logic levels and different states are as below : 

•be, A = o Landing altitude, = 1 Cruising altitude 
0 Wheels up, = 1 Wheels down 
0 0 for slow 


Wheels, W = 
Air speed, S^q = 


Soln. : 

(i) 

(ii) 


on. 


0 1 Landing speed 

1 0 Cruising speed 
1 1 Too fast 

Warning lamp, L = 0 Lamp off, = 1 Lamp 
Warning conditions 
Air speed < Cruising speed. 

Wheels up. 

Landing altitude proper 
Landing speed not proper 
Wheels down. 

In both these cases, warning lamp must glow i.e., A,W, SjSq are input variables and L is output 


variable. The truth table is s 


hown in Table 14. 


Ini 

put 

Output 

I A 


s, 

KM 

L 

X 




1 


1 



1 


1 

1 


1 


1 

1 

1 

1 


Table 14 

The output for the remaining conditions will be logic 0. The K map is drawn in Fig 16. 


kS,S ° S,S 0 S,S 0 S^o S,S 0 


AW 11 


AW 10 


sj 

i00n 

01 11 10 


- L ( 

0 

1 

0 

3 

0 

2 


1 

O' 4 

0 

5 



0 

12 

0 

13 

0 

15 

0 

14 

2. 

0 

9 

0 

11 

0 

10 


0 IP L = AWS, ♦ S,S 0 (A + W) 

Fig. 5.16 (a) 



S,S 0 S^IA + W) 



Fig. 5.16 (b) 
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A majority function is a digital circuit whose output is logic 1 if and only if the majority 
0 ln P u ^ s is 1, the output is logic 0 otherwise. 

(D Write the truth table of a five input majority function. 

© . ^ Minimize the above function using K map. 

n - : Given a give variable input. 

put Y l if only if three or more bits are at logic 1 (majority). 



- — u.uouanu iii iaoie ij 

Innuts 

Output 

Decimal 

A 

B 

c 

D 

E 

Y 

0 

0 

0 

0 

0 

0 

0 

i__ 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

1 

0 

0 

3 

0 

0 

0 

1 

1 

0 

4 

0 

0 

1 

0 

0 

0 

5 

0 

0 

1 

0 

1 

0 

6 

0 

0 

1 

1 

0 

0 

7 

0 

0 

1 

1 

1 

1 

8 

0 

1 

0 

0 

0 

0 

9 

0 

1 

0 

0 

1 

0 

10 

0 

1 

0 

1 

0 

0 

11 

0 

1 

0 

1 

1 

1 

12 

0 

1 

1 

0 

0 

0 

13 

0 

1 

1 

s 0 

1 

1 

14 

0 

1 

1 

1 

0 

1 

15 

0 

1 

1 

1 

1 

1 

16 

1 

0 

0 

0 

0 

0 

17 

1 

0 

0 

0 

1 

0 

18 

1 

0 

0 

1 

0 

0 

19 

1 

0 

0 

1 

1 

1 

20 

1 

0 

1 

0 

0 

0 

21 

1 

0 

1 

0 

1 

1 

22 

1 

0 

1 

1 

0 

1 

23 

1 

0 

1 

1 

1 

1 

24 

1 

1 

0 

0 

0 

0 

25 

1 

1 

0 

0 

1 

l 

26 

1 

1 

0 

l 

0 

1 

27 

1 

1 

0 

1 

1 

1 

28 

1 

1 

1 

0 

0 

1 

29 

1 

1 

1 

0 

l 

1 

30 

1 

1 

1 

l 

0 

1 

31 

1 

l 

1 

1 

1 

1 


Tabic 15 


The K map is illustrated in Fig. 5.17 (a). 
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DE DE 


DE 


A = 0 


BC 


DE DE DE DE 


0 

0 

0 

1 

0 

0 

BC 00 

0-- 

0 

i 

0 

1 18 

3 

2 

BC 01 

BC 11 

16 

17 

1 19 

0 

4 

0 

5 

77 

i 

7 

0 

6 

o 

ro 

o 

i 

21 

7±r 

i 

>3 

1 

l 22 

0 

12 

(i < 

43- 

(iW) 

0 

) 14 

1 

28 

(' 


i) 

r 30 

0 

8 

0 

9 

i 

0 

bc in 

0 

i 

n 

i 

74 

i 

7 26 


1 10 


24 

25 


“17 





(Note : All encirclements are not shown here) 


A = 1 


_ Fig. 5.17 (a) 

Output Y = BCE + BCD + BDE + CDE + ADE + ABC + ABE + ABD + ACE + ACD 



AnP AB n ABE ABD, ACE, ACD; encircling is not shown, because it will jumble up 
N ° te * the K-map. So cooperate for the same. 


Fig. 5.17 (b) 
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V 


Digital 


Multi— input Multi-output Combinational Circuit : 


. UpM now wc have solved some examples. The common feature of all problems was, multi input and 
Sl nglc output. Tire circuit was accepting more than one inputs but providing single outputs. 

It is also possible to design combinational logic circuit which accepts multiple input and provides 
niultiplc output. The generalised block schematic is should in Fig. 5.18. 





Fig. 5.18 

As shown in Fig. 5.18, inputs to logic circuit are I 0 to I N . Outputs are O 0 to 0 M . It is not at all 
essential that N = M. It can be N > M, N = M or in some cases N < M. 

The procedure of designing the combinational circuit is going to remain same Le. you have to 
write truth table (now truth table will contain more outputs), draw K-map and draw circuit K-map 
for each output variable will be different. Circuits you can combine. 

Let's solve some example. 


< 


Ex. 15 : (a) 


(D 

© 


The input to a combinational logic circuit is a 4— bit binary number. 
Design the logic circuit with minimum hardware for the following! 
Output Y1 = 1 if the input binary number is 5 or less than 5. 
Output Y2 = 0 if the input binary number is 9 or more than 9. 


Ans. : Tmth table for combinational logic circuit is, 


Decimal 

INPUTS 

OUTPUTS 

x 3 

X 2 

X, 

X* 

Yi 

L 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1- 

0 

2 

0 

o : 

1 

0 

.1 

0 

3 

0 

0" 

1 

1 

1- 

0 

4 

0 

1 

0 

0 

1 

0 

5 

0 

1 

0 

1 

1 

0 

6 

0 

1 

1 

0 

0 

0 

7 

0 

1 

1 

1 

0 

0 

8 

1 

0 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

1 

10 

1 

0 

1 

0 

0 

l .. . 

11 

1 

0 

1 

1 

' 0 

1 

12 

1 

1 

0 

0 

0 

1 

13 

1 

1 

0 

1 

0 

1 

, 14 

1 

1 

1 

0 

0 

1 

15 

1 

1 

1 

1 

0 > 

1 


Table 16 


i 

i 

i 
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K Map : Refer Fig. 5.19. 


Y i x i*, 

X 3 X\ 

X,X„ 

00 

1 — 

x,x„ 

01 

0 

X 

X 

X 1 X 0 

10 

^3^2 00 



A 


1 

0 



0 


T 

3 

2 

X 3*2 01 


L 

J 


0 

0 


4 


5 

7 

6 

X 3 X 2 1 1 

0 

0 


0 

0 

% 

12 

13 

15 

14 

X 3 X 2 10 

0 

0 


0 

0 


8 


9 

11 

10 


Y i = X3X2 + X 3 X, 

= x 3 (yx,) 

= X 3 .(X^X 1 ) 

= x a + x 2 x i 


Y 2 X 1 X 0 Xi X 0 X,X 0 X,X 0 X,X 0 

Y A 00 01 11 10 

a 3 a 2 


X 3 X 2 00 
Y 3 Y 2 01 
X 3 X 2 11 

Y 3^2 10 


0 

0 

0 

1 

0 

3 

0 

2 

0 

4 

0 

5 

0 

7 

0 

6 

C i 



Ti\ 


12 

13 

15 

14 

0 

s 


■UL 

1 J 

y 10 


Y 2 = X 3 X 2 + X 3 Xo + XgX, 
= X 3 • (X 0 +X 1 +X 2 ) 


Fig. 5.19 (a) 



Ex. 16 : Design a combinational logic circuit for the following description The circuit has four inputs 
and two outputs. One of the outputs is to be true when the majority of inputs is true The 
other output is to be true only when there is a tie between the inputs Implement the above 
logic using NAND gates only. (June < )t) , 0 Mjirka) 

Soln. : The truth tabic is shown in Tabic 17. 
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Inputs 

Outputs 

Decimal 

A 

B 

c 

D 

Yl 

Y 2 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

0 

0 

2 

0 

0 

1 

' 0 

0 

0 

3 

0 

0 

1 

1 

0 

0 

4 

0 

1 

0 

0 

0 

0 

5 

0 

1 

0 

1 

0 

0 

6 

0 

1 

1 

0 

0 

0 

7 

0 

1 

1 

1 

1 

0 

8 

1 

0 

0 

0 

0 

0 

9 

1 

0 

0 

1 

0 

0 

10 

1 

0 

1 

0 

0 

0 

11 

1 

0 

1 

l 

1 

0 

12 

1 

1 

0 

0 

0 

0 

13 

1 

1 

0 

1 

1 

0 

14 

1 

1 

1 

0 

1 

0 

15 

1 

1 

1 

1 

1 

1 


Table 17 


The K maps are as shown in Fig. 5.20 (a). 



? Fig. 5,20 (*) 

In NAND form applying DeMorgans Law, the circuit diagram is illustrated in Fig. 5.20 (b). 
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Ex. 17 : A chemical reactor has three sensors indicating the following conditions : 

(0 Pressure 'P' is low or high 

(ii) Temperature T is low or high 

(iii) Liquid level 'L' is low or high 

H has two controls : Heater (H) which is either ON or OFF and an inlet valve (V) 
which is either OPEN or CLOSED. The controls are operated as shown in Table 18. 
(a) Using the convention HIGH = 1, LOW = 0, ON = 1, OFF = 0, OPEN = 1 and 
CLOSED = 0, draw the Karnaugh maps for H and V. * 


(b) Obtain the minimal SOP and POS expressions for H and V. 

(c) Replace the logic H and V by using logic gates. 



LOW 
LOW 
LOW 
LOW 
HIGH 
HIGH 
HIGH 
HIGH 
x - system 


LOW 
LOW 
HIGH 
HIGH 
LOW 
LOW 
HIGH 
HIGH 
shut down 


LOW 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 

HIGH 


OUTPUTS 


H 


OFF 

ON 

OFF 

OFF 

ON 

ON 

OFF 



OPEN 

CLOSED 

OPEN 

CLOSED 

OPEN 

CLOSED 

CLOSED 


Table 18 
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J 


e 19. The K maps are illustrated in Fig. 5.21 (a) 


Decimal 

P 

T 

L 

H 

V 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

0 

2 

0 

1 

0 

0 

1 

3 

0 

1 

1 

0 

0 

4 

1 

0 

0 

1 

1 

5 

1 

0 

1 

1 

0 

6, 

1 

1 

0 

0 

0 

7 

1 

1 

1 

0 

0 


K-map : 


Table 19 


SOP 


\TL TL TL TL TL 

P\ 00 01 11 io 


SOP 

.TL TL TL TL TL 


00 01 


11 10 


P 0 

P 1 


0 

0 


i 

1 

0 

3 

0 

2 




) 

0 

7 

0 

6 

#a 


i' 

4 


5 


. 






0 


1 

D 

. 0 

0 

(i , 





0 

i 

3 

2 

W 

1 


1 

K-J 

4 

0 

5 

0 

7 

0 

6 



Map for H 

Y = TL + PT SOP 

= T (P+L) POS 

POS (for T) 


Map for V 

Y = PL + TL SOP 

= L (P+T) POS 

POS fforVl 



T+L 

0+0 

T+L 

0+1 

T+L 

1+1 

T+L 

1+0 


nJ L 

p \ 

T+L 

0+0 

T+L 

0+1 

T+L 

1+1 


T+L 

1+0 



1 

1 


. w 



1 

0 





1 

2 

p s 

◄- 

o) 

'0 


(b 

3 



k p 0 


fo 

1 


3 


2 


p 1 

1 

1 



°y 


p i 

1 







4 

5 


V — T 


6 


4 


5. 

7 



Y =T • (P+L) 

Circuit : Refer Fig. 5.21 (b) 


Y = L • (P+T) 


Fig. 5.21 (a) 



(ii) POS form circuit 

.P+L 




L = (P+T) 


Fig. 5.21 (b) 
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Ex. 18 : A 3 A 2 A 1 Aq and B 3 B 2 B 1 B 0 represent two, four bit words. Design a circuit with control line 
M, such that when M = 1, the word given by A 3 A 2 A^ 0 is output and when M = 0, output 
gives word B 3 B 2 B 1 B 0 use gates. 

Soln. : This problem involves cither passing A3 A 2 A] Afjor B3 B 2 B| Bq. This can be implemented 
using- AND gates. We have already discussed its use as a control gate. 

Since output is cither A3A 2 A|A 0 or B3 B 2 BjBq wc logically OR the corresponding A and B bits 
as shown in Fig. 5 . 22 . 



Ex. 19 : A step in space vehicle checkout depends on FOUR sensors S v S 2 , S 3 and S 4 . Every 
circuit is working properly if sensor S 1 and atleast two of the other three sensors are at logic 
1. (Assuming a sensor produces logic 1 when the circuit is functioning properly). Implement 
the system using NAND gates only, after finding the minimal SOP expression for output if the 
circuit works property. 

Find the minimal SOP expression for output if the circuit is not working property. The output is 
connected to a red LED which must glow if the circuit is not working property 
Soln : Given four sensors i.e., we have four variables. The truth table is illustrated in Table 10. 
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^ I 



(Working 

Properly) 


(Not working 
Properly) 


Table 20 


The K-maps are shown in Fig. 5.23 (a) 


SpSi — — - — 
v ^ 1 o C C 


> 4°3 


S 2 S, S 2 S, SpS, s 2 s 1 


00 01 


11 10 


— 

0 

0 

0 

1 

0 

4 

0 

5 

0 

12 

c 

0 

8 

0 

9 


Js °u 


Y, = S 2 S, (S 4 ♦ S3) ♦ 8483s, 
= s, (S 2 S 4 ♦ S 2 S 3 ♦ S 3 S 4 ) 



Yj = S| ♦ S 4 S 3 ♦ S 4 S 2 ♦ SjSj 


Fig. 5.23 (a) 
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Circuit : Refer Fig. 5.23 (b) 
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Fig. 5.23 (b) 

Y2 could also have been obtained by connecting an inverter between Y j and Y 2 
L. E. D. design 

Red LED : V D = 1.2 V; I D = 20mA 

Applying KVt at input and output, 

5-20 mA Rj - 1.2 -0.2 = 0 

.*. R! = 180 

2 4 _ _ 0.7 = 0 (Assuming |} = 100 for switching transistor) 

1 00 

.*. R 2 = 8.5 kft 

Ex. 20 : The input to a combinational logic circuit is a 4 bit binary number. Design the circuit 
with minimum hard ware for the following : 

(i) Output 0-| = 1 if the number is prime. 

(k) Output 0 2 = 1 if the number is divisible by 3. 

Sold. : Table 21 gives the truth table. 
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The K maps are as shown in Fig. 5.24 (a). 


B 3 B 2 \ s 

0 B 1 B 0 B 1 B 0 
00 01 

B 1 B 0 
▲ 11i 

BiB 0 
l 10 

B3B2 00 

B3B2 01 

B 3 B 2 1 1 

B3B2 10 

1 

0 







1 



o 


3 

2 

0 

4 


f ? 

5 

> 


0 

6 

0 

12 


1 

w 

13 

0 

15 

0 

14 

0 

8 

0 

9 


1 

11 

0 

10 

i 

r ^ 

r 


BiB 0 

B 3 B 2 \ 

B i B 0 

00 

B 1 B 0 

01 

B 1 B 0 

11 

B 1 B 0 

10 

B3B2 00 

0 

0 

0 

1 

©3 

0 

2 

^3^2 01 

0 

4 

0 

5 

0 

7 

© 

CD 

B 3 B 2 11 

0. 

0 

13 

0. 

0 

14 

B 3 B 2 10 

CO 

0 

o> 

0 

0 

11 

0 

0 


Fig. 5.24 (a) 


o, = B 3 B„+B, B, Bq+BjB^o 

+ B;B,B, 

= Bj (B 0 + B 2 B|) + Bq (B,B 2 + B, B,) 
= Bj (Bo + B 2 B| ) + B 0 (B, ffi B 2 ) 


0 2 - B 3 B 2 Bj Bq + BjB 2 B, Bq 

+ B,B 0 (B } B 2 + Bj B 2 ) + Bj B 2 B, B 
= BjB, (B 2 Bq + B 2 Bq) + B t Bo 
(BjB 2 + B 3 + B 2 ) + B j 'B 2 B | B 0 
= BjB, (B 2 ® B 0 ) + B,B 0 (Bj 0 B 2 ) 
B 3 B 2 BjB 0 
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The circuit diagram is as shown in l*ig. V24 (l») 
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Ex. 21 


ll 




N 


W 


Fig 5.25 shows the intersection of main highway with a second acess road Vehicle detection 
sensors are placed along lane C and D (Main Road) and lanes A and B (access road) These 
sensor outputs are LOW when no hehicle is present and HIGH when vehicle is present. The 
taffic lights should be controlled according to the following logic : 

(i) The EW traffic light will be green whenever both C 
and D lanes are occupied. 

(ii) The EW light will be green whenever C or D is 
occupied but lanes A and B are not both occupied. 

(iii) The NS light will be green whenever both lanes A 
and B are occupied but C and D are not occupied 

(iv) The NS light will also be green when either A or B 
is occupied while C and D are both vacant. 

(v) The EW light will be green when no vehicle is 
present. 

Using A, B, C and D sensor outputs as inputs, design 
a logic circuit to control traffic lights. There are two 
outputs, N-S and E-W which goes high when 
corresponding light is green. 

Soln. : (1) First read all statements carefully, i.c. (i), (ii), (iii), 

(iv) and (v). 


it 

: B 


Fig. 5.25 


( 2 ) 

( 3 ) 

( 4 ) 


Remember one thing when four roads are meeting at a junction, E-W lighting will be 
complement of N-S light or V. V. This is normal trend 

As we know, variables arc 4 i.c. A, B, C, D. Therefore there will be total 16 slates. 

We will decide that there will be two outputs namely E-W and N-S. 
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(5) First write down truth table for the same. 
Remember, 

LOW — y Logic 'O' — > No vehicle 
- HIGH — > Logic T -» Vehicle present. 


0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 


Inputs 


B 


0 

0 

0 

0 

1 
i 
i 
l 

0 

0 

0 

0 

1 

1 

1 

1 


0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 


D 


0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 


Outputs 


N-S 


0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

0 


E- W 


1 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

0 

0 

1 


1 


-> condition (v) 


-> condition (ii) 
-> condition (i) 
-> condition (iv) 
-+ condition (ii) 


-» condition (i) 
-» condition (iv) 
-» condition (ii) 


-> condition (i) 


-> condition (ii), (iii) 


-» condition (i) 


Table 22 


K-Map : 


\ CD 

CD 

CD 

CD 

CD 


ab\ 



00 

01 

11 

10 


AB 00 

0 

( 

0 

3 1 

0 

i 3 

0 

2 


AB 01 


T' 

t 

0 

t 5 

0 

7 

0 

6 




+ — , 





AB 11 


\ 

-i 

0 

0 

(!_ 

W' 

— K 

^ — 



13 

15 

14 


AB 10 


i 

'8 

0 

9 

0 

11 

0 

10 



(Minterm Encircling) 

N-S = AB (C+D) + CD (A+B) 


\ CD 

CD 


CD 

CD 

CD 

ab\ 

00 


01 

11 

10 

AB 00 

1 


1 

1 

1 




0 

1 

3 

2 


AB 01 


0 


1 

1 

1 





4 

5 

7 

6 


^ 






* 


CD 

< 

f 

0 



1 

0 

w 




ft 

T3 

15 

”"T4 


AB 10 


0 


i 

1 

i 




8 

9 

11 

10 



(Maxterm Encircling) 

E-W = (A+B+C) (A+B-hD) (C+D+A) (C+D+B) 
= (A+B+C) (A+B+D) (C+D+A) (C+D+B) 
= A+B+C + A+B+D +C+D+A + C+D+B 
= ABC + ABD + CDA + CDB 
= AB (C+D) + CD (A+B) 

= nTs 
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Circuit : 


ABC D 



Ex. 22 : Design a combinational logic circuit that will accomplish multiplication of a two bit number 

XiX 0 by a two bit binary number Y^g. The circuit will have four outputs representing the v 
product P 3 P 2 PiP 0 . 


Soln. : Truth table is illustrated in Table 23. K maps are drawn in Fig. 5,27. 


In 

put 

Output 

Decimal 

x, 


Y, 

Y 0 

Decimal 

Pa 

Pi 1 

Pi 

Po 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 
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3 

1 

1 

1 

0 

2 

0 

1 

1 

0 

3 

1 

1 

1 

1 

3 

1 

0 

0 
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K-Map : 
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0 
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5 

13 


9 

0 

0 

0 


1 


3 

7 

15 



11 

0 

2 

0 

6 

0. 


b) 

10 


p 3 = x 1 x 0 y 1 y 0 


P 3 =X 1 X 0 Y 1 +X 1 Y 1 Y 0 
= X^ (X 0 + Y 0 ) 



= X 1 Y 0 Y 1 X 0 + X 0 Y 1 X 1 Y 0 = X 1 Y 0 ©X 0 Y 1 

Fig. 5.27 (a) 
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Fig. 5.27 (b) 

5.3 Code Conversion : 


Under this section we will convert one type of code to another; for example binary to gray, gray to 
binary, BCD to XS-3, XS-3 to BCD, 5421 code to 5421 gray code and vice versa etc. To convert from t 
one code to other we are going to use K-map only. Now in this case Normally we will deal with multiple 
inputs and multiple outputs. 

We are using 4 bit input and answer is normally 4 bit. So you have to draw K-map for number of 
output lines (bits). Let's solve some examples. 

Ex. 23 : Convert 4 bit binary number to 4 bit gray. 

Soln. : (1) Firstly we have to prepare a table where we have binary (4 bits, B 3 B 2 B, B 0 ) inputs and 
Gray (4 bits, G, G : G, G 0 ) outputs (Refer chapter 1 for the table). 

(2) Truth ta ble is, 

D ecimal 1 B 3 B 2 b i B o j C 3 G 2 g i g o 

5 00000000 
J 0 0 0 1 0 0 0 1 

2 0 0 1 0 0 0 1 1 

3 0 0 1 1 0 0 I (f 
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(3) Now the next step is very simple. You draw K-Maps for G 3 , G 2 , G, and G 0 SEPARATELY 

(4) K-Maps : 



BiB 0 


b 3 b 2 


B 3 B 2 00 
B3B2 01 
B3B2 11 
B3B2 10 


BiBg B 3 Bq BiB 0 B^g 

00 01 11 10 


0 

0 

0 

1 

0 

3 

0 

2 





(1 

1 

1 

_i) 6 

z 

b 

T 


0 

12 

0 

13 

0 

15 

0 

14 





0 

1 

1 

O 10 

<T 

y 

1 1 



G 2 - b 3 B 2 + B 2 b 3 
= b 3 © b 2 



Fig. 5.28 (a) 
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Ex. 24 : Convert given 4 bit gray codes to binary (4 bit). 

Soln. : Now in this case we have to do reverse i.e. convert gray codes to binary. Procedure is same as that 
we followed in Ex. 23. 


0 
0 
0 
0 

1 
1 
1 
1 
0 

_ 0 _ 

I 0 

0 

1_ 

l 

1 

1 1 

Table 25 


B, B fl 


0 0 


0 0 


0 0 


1 1 


0 0 
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13 
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1 
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0 

12 

0 

13 
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■0. 

0 

11 

0 

10 


B 1 = Gj (G3 G 2 + G 3 G 2 ) 

+ Gj ( G 3 G 2 + G 3 G 2^ 

= G, (G2 © Gg) + G 1 ( G 2 ® G 3 ) 
= G 1 © G2 © Gg 


G 1 G 0 

G 3 G 2\ 
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00 
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01 

G 1 G 0 

11 

G 1 G 0 

10 

g 3 g 2 00 

0 

0 

0, 

0 

3 
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G 3 G 2 01 

0. 

0 
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0 

6 
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0 

12 

0,3 

0 

15 

o, 4 

G 3 G 2 *1 0 

0 

CO 

0 

9 

o„ 

0 r 

10 


B 0 = G 1 G 0 (G 3 G 2 + G 3 G 2 ) + G 1 G 0 (GgGg + G 3 G 2 ) 
+ Gl G 0 (Gg G 2 + G 3 G 2 ) + G 1 G 0 (Gg Gg + Gg Gg) 
» G t G 0 (GgSGgJ + G^Gg ( Gg © Gg) 

+ Gj Gg (Gg © Gg ) + Gj Og (Gg © Gg) 

= (Gg © Gg ) + (G 1 Gg ♦ G t Gg) + ( Gg © Gg) 
(GiGg + GiGg) 

= (Gg © Gg ) (Gf© Gg ) -f ( Gg © Gg) (G t © Gg ) 

= A B + A B 

a Gg © Gj © Gg © Gg 
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Fig. 5.30 (a) 

Circuit : 



£^~ 2 S~: ConverTBCD(single digit - 4 bit) to gray. Design logic circuit for the same. 

Soln ‘ Valid BCD is from 0 to 9. AH to FH arc invalid codes, therefore Output will be 'X' (don't care). 

Table 27 shows BCD to gray truth table. 
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Combinational Logic 


Table 27 


Now draw K-maps 
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Fig. 5.31 (a) 
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Ex. 27 : Convert binary to BCD. Design circuit which will accept 4 bit binary and will provide 5 
bit BCD code. 

Soln. : Table 28 shows truth table for binaiy to BCD conversion. 
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B, 

BA 

B 0 

»4 

D, 

B 2 

V 

Bo 
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0 

0 
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13 
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1 
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1 
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0 

0 

1 

1 

14 

1 

± 

± 
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0 
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0 

15 
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1 

± 

1 

1 

0 


0 
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Table 28 
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Circuit : 





Ex. 28 : Design a combinational circuit whose input is a four bi* number and outp; 
two's complement of the input number. 

Soln. : The truth table is illustrated in Table 29 


9 , 




Input 



Output 
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A 2-bit digital comparator accepts two words A = A ? A, and B = B 2 B, and gives three outputs 
G. E and l. 

(0 The output G is HIGH when A > B 
(ii) The output E is HIGH when A = B 
(hi) The output L is HIGH when A < B 

(a) Write the truth table for this comparator. 

(b) Draw the Karnaugh maps for G, L and E outputs and write the SOP 
expressions for each. 

(c) Draw logic diagram of this comparactor. 

G : One quad two pairs 

L : One quad two pairs 


Inputs 

Output 

A 2 

A, 

B 2 

B, 

G 

L 

E 
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Table 30 


K-map : 
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Ex. 30 : Convert XS-3 (4 bit) to BCD (4 bit). 

Soln. : The table 31 shows XS-3 code to BCD. 

Inputs 

1 

Outputs 

e 3 

V 

*-< ■> 

Ei 

Eo 
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B. 

v_ 
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0 
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i ! 

» 

! 0 

1 

0 

1 

1 0 

0 

1 

1 

1) 
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1 

l) 

! 1 

1 
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1 

1 

i 

1 

1 
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1 
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1) 
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1 
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L_ 

0 

0 
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Table 31 
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Ex 31 : Design a BCD to 7 segment code converter circuit. Assume 7 segment displays 
available are of common anode type. Draw a complete, self explanatory logic 
diagram. Consider the configuration of segments and display of digits as shown m 

Fig. 5.36. 

Soln. : Description of 7 segment display : Before we start solving the example. I would like to give 1 
brief about 7 segment display. At this stage 1 hope you arc aware with LF.D. (Light emitting diode) In 7 
segment, as name indicates, we have 7 LED segment with one decimal point LE.D. The arrangement is 
shown in Fig. 5.37. The arrangement is like English eight (8). The reason for this is. with this 
arrangement you can display digits (0 - 9) and some alphanumeric characters like A. b, C. d. c, F. G. H 
and so on (Refer Fig. 5.36. It shows the LED's supposed to be ON to display 0 to 9). Here total we have 
eight LED (Including dp — > decimal point). Therefore we have 16 terminals (8 anode. 8 cathode). So here 
to make circuit simple we can make one the terminal i.c. A or K common. Presently in example they have 
asked for common anode. Fig. 5.37 (b) will show you common anode connection. In this anodes of all 
LED's arc tied together and given to V cc . Whenever you want to lit LED simply ground cathode (k) 

through resistance, that particular LED will be ON. The LED segments arc normally referred as a, b. c, d, 

c. f. g. dp. 


n i 3 

U I L 


;i u c C 

j I JU 


1 o o 

I U 3 


Fig. 5.36 



Fig. 5.37 
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(OOOo| m ' S *° ^ cs ’^ n a circuit which will convert given BCD i.e. 

- *° O^01) 2 , to its equivalent 7 segment code. I will give you 
one example. Find 7 segment code for BCD (2) I0 i.e (0010),. Refer 
F »g 5.38 (a). 

"ill ^ ^ 38(a), we have to 'lit' a. b, g, e and d LEDS. All others 

F. ^ ou know that to lit LED you have to force segment to logic 'O’. 
Code of 7 segment for BCD 2 is 


Combinational Logic Circuits 



© 

dp 


Fig. 5.38 (a) 
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b 
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dp 
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T 

t 

T 

1 




LED ON 
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Therefore, now we have to prepare truth table where BCD inputs are B 3 B, B, B 0 and outputs are a, b. 
c, d, e, f, g. dp. 

Table 32 show's truth table. 


Decimal 


Inputs 


Outputs 


B 3 


B 1 
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a 

b 

c 
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e 
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0 
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0 
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Table 32 

Now next step is to drawn K-map we have to draw 7 K-maps 
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B,B 0 

BiB 0 

BiB 0 

B 

’i s o 


00 

01 

11 

10 

/ 

1 

0 

0 

0 

y 

> 

0 

1 

3 


2 

0 

0 

0 

0 


4 

5 

7 


6 

X 

X 

X 

X 


12 

13 

15 


14 







0 

0 

X/ 

/\ 


X 


8 

9 

11 



10 


c = B 

,B,8 n 

r 1 

r 


u 


BiB 0 


B3B2 

B3B2 00 

B 3 B 2 01 
B 3 B 2 1 1 
B3B2 10 


B,B 0 6,80 B,B 0 B,B 0 

00 01 11 10 


0 

0 


— r 

< — 
1 

1 

1 

3 

0 

2 


r 

1 

4 


r 

5 

1 

7 

0 

6 


/" 

X 

— * 

ro 



13 

X 

lb 

X 

14 

0 

8 


1 

V 9 

X 

> 

11 

X 

10 


0 = Bq^B, 
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n,B. t _ _ 

V B,8 0 B,B 0 B,B 0 B,B 0 

B,B> <» 01 " 10 


BjB ? 00 
B 3 B ? oi 
1 1 

BjB-i io 


<L, 

i) 

^ y 

0 

3 

0 

2 

0 

4 

0 

5 


f 7 ! 

j 

0 

6 

X 

12 

X 

13 


is 

15 

X 

14 

a 

0 

0 

X 

1 1 

X 

111 


g=B 3 B 2 B 1 + B 2 B,B 0 


Circuit : 


Fijj. 5.39 (a) 
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5.4 Examples from Univers ity Pap ers 


1. As shown in Fjg. Q.5.1 a combinational logic circuit is required for specifications <»iven 
below : 


Input four lines A 3 , A 2 , A,, A n (A 3 

being most significant) carry binary 
equivalent of decimal digit 0-9. Output 
Y is T when input contains two or more 
bits T. Otherwise output Y = 'O'. 
Implement the necessary logic using 
NOR gates. 

Ans.: Refer Section 5.1, Ex. 1. 

2. As shown in Fig. Q.5.2 (a) a 

combinational logic circuit is required to 
satisfy following requirements. Input 
lines A 3 , A 2 , A p A 0 (A 3 being most 

significant) carry binary equivalent of 
decimal digit 0 -9. Output Y is low 




° 

w 

x. 

A o 

w 

A » « 

X. 

' 'U w ^ 



»Y 


Fig. Q.5.1 


(Dec. 96, 10 Marks) 



<k>Y 


Fig. Q. 5.2 (a) 


w hen at the input only 2 bits arc high otherwise Y = '1'. Implement the necessary logic 
using NAND gates. (Dec. 97, 10 Marks) 

Ans. : (a) Number of input lines are A 3 , A 2 , Aj, A 0 . 

(b) Number of input combinations for 4 bits will be 2 n = 2 4 = 16 

(c) But in the problem it is mentioned that it carries binary equivalent of decimal digit 
0-9. 

Therefore, remaining states i.e. 10 to 15 will be treated as Don't care condition 
Now prepare truth table for this example. 

Truth Table 1 


"v- -'V- • 




Decimal 

Inputs 

Output 

Y 

A 3 

A 2 

A, 

^0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

2 

0 

0 

1 

0 

1 

3 

0 

0 

1 

1 

0 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

0 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

1 

9 

1 

0 

0 

1 

0 

10 

1 

0 

1 

0 

X 

11 

1 

0 

1 

1 

X 

'12 

1 

1 

0 

0 

X 

13 

1 

1 

0 

1 

X 

14 

1 

1 

1 

0 

X 

15 

1 

1 

1 

1 

X 
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Combinational Logic Circuits 


(d) Now draw K-map, encircle l's therefore answer will be in SOP form. 


A t Ao 
00 


_©<- 
A 3 A 2 00 

A 3 A2 01 

^ 3^2 1 1 




A 3 A 2 1 0 

F rom K-map output equation. 


a 


x 


vly 


A^Aq A^ Aq A^q 
01 11 10 


12 


D 


o 


13 


0 






15 


11 


C 


1 


14 


10 


-kd 


-KD 


Y AjA 0 + A 3 A 2 A 0 + A 2 A,A 0 


We liave to implement above equation using NAND gates. 
As A = A 


Y — AjAq + A 3 A 2 Aq + A 2 AjAq 


Y - AjAq . A3A2AQ . A^AjAq 

Ao 


..Ans. 
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UlG 1 


\u 




s. 


9 
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II 


C omb inat iona l Logic Circuits 

3. Pinko a truth table of Inaction that is true when two or more of four variables are true, 

(Dec. 98, 8 Marks) 

Ans.. As it is given that the function contains 4 variable. Therefore the circuit must have 4 input 
lines and one output. Number of input combinations for 4 bits will be 2" = 2 4 = 16. 

Truth Table 2 


Decimal 

Inputs 

Output 

Y 

A 

B 

c 

D 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

0 

3 

0 

0 

1 

] 

1 

4 

0 

1 

0 

0 

0 

5 

0 

1 

0 

1 

1 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

0 

9 

1 

0 

0 

1 

1 

10 

1 

0 

1 

0 

1 

11 

1 

0 

1 

1 

1 

12 

1 

1 

0 

0 

1 

13 

1 

1 

0 

I 

I 

1 ' 

. 14 

1 

1 

] 

0 

1 

15 

1 

1 

1 

1 

1 


From Truth Table 2, make a K-map for the above function 
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. . . A n s. 


4 t)it binary number is represented as Aj, A 2 , A,, A 0 where Aj, A 2 , A, and A 0 represent 
the indisidual bits with A 0 equals to the LSB. Design a logic circuit that will produce a 
u output whenever binary number is greater than (0010), and less than (100()) 2 . 


Ans.: Refer Section 5.1, Ex. 3. 


(June 09, 2 Marks) 


5. 


Design a combinational logic circuit for the following description : 

Hie ciicuit has four inputs and two outputs. One of the outputs is to be (me only when the 
majority oT inputs is true. The other output is to he true only when there is \ tic between 
inputs is true. Implement the above logic using NAND gates only. (June 99, 10 Marks) 


Ans.: Refer Section 5.2, Ex. 16. 


5. Design and implement a combinational logic circuit for the following description, using 
NAND gates only. The circuit has four inputs and two outputs. One of the outputs is to be 
true when the majority of inputs arc false. The other output is true only when there are 
equal number of true and false in the inputs. (Dec. 99, 10 Maries) 

Ans.: As there are four inputs so there will be 2" = 2 4 = 16 input lines. 


Truth Table 3 


Decimal 

Inputs 

Outputs 

A 

E 

c 

D 

Y, 

y 2 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

0 

2 

0 

0 

1 

0 

1 

0 

3 

0 

0 

1 

1 

i 

0 

1 

4 

0 

1 

0 

0 

1 

0 

5 

0 

1 

0 

1 

0 

1 

6 

0 

1 

1 

0 

0 

1 

7 

0 

1 

1 

1 

0 

0 

8 

1 

0 

0 

0 

1 

0 

9 

1 

0 

0 

l 

0 

1 

10 

1 

0 

1 

0 

0 

1 

11 

1 

0 

1 

1 

0 

0 

12 

1 

1 

0 

0 

0 

1 

13 

1 

1 

0 

1 

0 

0 

li 

1 

1 

1 

0 

0 

0 

15 

1 

1 

1 

I 

0 

0 
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Output equation for above K-map, 


Yl “ BCD + ABD + ACD + 

( 1 ) ( 2 ) ( 3 ) 


ABC 

( 4 ) 


Y, = BCD + ABD + ACD + ABC 


Y, = BCD . ABD . ACD . ABC 


Now prepare K-map for output Y 2 


[ 



Output equation for Y 2 


.Ans. 


y 2 = abcd + abcd + abcd + abcd + abcd + abcd 


(i) 


( 2 ) 


(3) 


(4) 


(5) 


(6) 


Now using Boolean laws A = A and Demorgan theorem A + B - A • B 


Y 2 = ABCD + ABCD + ABCD+ABCD + ABCD + ABCD 
Scanned by CamScanner 
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Syllabus : 


Binary adders, subtractor, BCD adder, Binary comparator, Arithmetic and logic 
units. 


7 

Name of the Topic 

Section 

number 

Theory 

Problenw^ 

• Adder 

6.2 


V 

.v/ • BCD adder 

V 

6.3 


S 

. • Excess-3 adder 

6.4 

S 

V 

Binary subtractor 

6.5 


V 

• BCD subtractor 

6.6 

s 

V 

• XS-3 subtractor 

6.7 

s 

V 

• Multiplier 

6.8 


\^m 

Comparator 

6.9 





,/■ 


V 

‘ <>* 
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6.1 Introduction 


In this chapter we are going to design arithmetic circuit based on our knowledge of boolean algebra. 
\ logic gates. K-rnap. Arithmetic circuits arc basically designed to perform mathematical task such as 
^ addition, subtraction, multiplication etc. We want these circuits to perform complicated mathematical 
function as fast and efTicicntly as possible. 


6.2 Adder 


Function of adder circuit is to add given number. We have different codes, adder changes depending 
upon the code. Basically we are going to team presently binary adder. 

Half Adder: 

T ihir r!* S i Padding block for addition of two. 'single' bit numbers The truth Table is shown in 

J able 6. 1 where A„ and B,. are the k;, ...l L 


Inputs 

Outputs 

A 0 

+ B o 

Sum (S) 



Carrv (C) 

0 

0 

0 

0 

0 

1 

1. 

0 

1 

0 

1 

0 

L' 

1 

0 

1 


+ B f 


Cany (C) | Sum (S) 


Table 6.1 

This table we have already studied in Binary Arithmetic. The K-map and the circuit is shown it 
rig. 0 . 1 . 



B o 

o 

B 0 

1 

Aq 0 

0 

© 


o 

1 

Aq 1 

© 

0 


2 

3 


S — AqBq + a 0 E 0 
= Aq © Bq 


\ B ° 

A 0 \ 

B 0 

0 

B 0 

1 

Aq 0 

0 

o 


0 

1 

Aq ^ 

0 

© 


2 

3 


Carry = C = A 0 B 0 


Fig. 6.1 


A 0 o- 

B n o~ 


O 


S = A 0 €> B 0 


Carry = A Q B 0 
— o 


Drawback : 

Drawback of Ihc circuit is in multibit addition, it doesn’t cater to cany Let's say we want to add A 
A 0 and B, B 0 . 
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"H 1 O 
1 10 


-^msttccjrcurt 


B, 


B, 


-> cany generated from 
Aq> ^it 




1 


A 

B 


D 

O 

O 

h.a r 

s 



i 


Half adder will add and B 0 , but in next stage we have to add three 
bits i.e. A,, B, and C, which will not be done by the circuit, therefore we 

have to design 3 (three) single bit adder circuit which is named FULL pjg # 5 2 ; Block schematic 


ADDER 


Full Adder : 


of half adder 


To overcome the drawback of half adder, we will design three, single bit adder which will consider 


Carry also. The truth table is s 


Inputs 

Outputs 

A„ 


C„ 

s„ 

C n+ r 

0 

0 

0 

0 

0 

0 

0 

1 / 

1 

0 

0 

1 

0 

.1 

0 

0 

1 

i 

0 

If 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 


hown in Table 6.2. 


A„ 

+ B n 


•^n+1 


t ‘ 

Cany 




Table 6.2 

Here C n T , represents cany for next stage . Solve K maps for S n and C n + , we get. 


P r 


rSr 







v 


= C„©A„©B„ 


= A A + C„(X„B n + B„C„) 
■ A A + C„(A„ ® BJ 


Fig. 6.3 


, 
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Cuvuit diagram is as shown in Fig 6.4. 


6-4 



= A n B, 


+ B n C n + A n C n 



Normally wc deal with multibit operand (4 bit, 8 bit, 16 bit and so on), we can design multibit adder 
as basic building block as shown in Fig. 6.5. 



Fig. 6.5 

X n . ! to Xo = Operand 1 Z n _ , to Z 0 = Final output 

Y n _ , to Y 0 = Operand 2 

As shown cam' out of previous stage is connected or propagated to cany in of next stage, it is also 
called ripple carry propagation. When we apply operands, adder circuit will take some time to perform 
addition because cany should be propagated to next stage. If the number of blocks are more, propagation of 

carry will be slower and more time will be consumed to perform addition job. But if number of blocks are 
less tune required will be less. 

* ^ S . Sla ^ e ^ t0 sa y ^ we concentrate on improving performance of adder circuit, i.e. we 
should design Fast adders. Here you may ask, why you concentrate on simple addition to be done very 

fast . The answer is any- mathematical equation can be written in terms of addition, therefore basic 
operation is addition For example : 

A - B can be written as A + (- B) 



V 

* 

c 
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concentrate on it ^ ^ Ut ® l ' mes - Thus adder is the baste building block therefore 


Arithmetic Circuit 


we will 


6.2.3 Fast Adders or Carry Look ahead Generator : (May 96, Dec. 96, Dec. 97) 

have designed fult arW ^ deS ' gn faSt adder wh ' ch employs Carry look ahead technique In Fig. 6.4 we 

c ' rcu "' Fun 7- dcr can 3i » ■* bui " ^ x «.« shews block 



Fig. 6.6 

Fig. 6.6 full adder using two half adders. Fig. 6.6 shows full adder circuit. 



Fig. 6.7 


S = A + B + C. 

iJ \ I \ i 


• ••(I) 


• ••(2) 


where, 

C MI - (A, © B,) C, + A,B, 

This can be written as, 

c, , , = G. + P.C, 

where, G t - 

and P, = A, © Bj 

The expressions G, and P, arc called the generate and propagate functions. The propagate function 

causes an output cany if there is an input carry and cither A, or B, is at logic 1. The generate function 
produces an output carry when both x t and y, arc at logic 1. 

Now let's see how the circuit will look like. Take i = 0 from Equation (2). 


* _„d\V. cavv * 
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c! = G° = A° n 0 Hcrc Wc arc 8 ° in 8 ,0 consider C 0 = 0 

#1 * . ° 

tills gives US S n = 

i = I 
i = 2 


Arithmetic Circuit 


i = 4 


A o ® B 0 (means simple half adder circuit) 

' G,+P,C, 

G 2 + P 2C ; 

G 2 + P 2 (G,+P,C,) 

Gj + P,G, + p p C| 

G 5 + P,C, 

Gj + P, (G 2 +P 2 G, +P,P 2 C,) 

g j + G 2 Pj + G,P 2 Pj + Pl P 2 P jC , 

-5 ^ G 4 + P 4 C 4 

' °* + M°. + Cy> J + Gl P 2 P J + P | P 2 P ) c 1 ] 

Now, draw circu.rfo ^"^’^"^' 5 ' 4 + °' PjP ’ P4 + P,P!PjPjC ‘ 

going to remain V" ^ ^ * s oP 2 gales. Even though number of carry bit increases delay is 

ahead means f ^ ^ ^ S a tes. This particular circuit is named as Look ahead carry generator. Look 

thf* Hoio • oreca sting, carry bit. As wc have seen in previous adder circuit, carry was propagating and 
the delay in generating final cany is a function of number of adder stages. 


-(3) 

Place Equation (3) 

Place Equation (4) 
-(5) 

Place Equation (3) 
• ••(6) 



Before we implement full fast adder circuit, we will generate 2 to 3 expressions for S, [Equation 

Number 1]. 

S, = A, ® B, ® c,. 

For 


i = 0 S 0 = A) ® Po 
j = l s, = a, ®B,®C,.= P,®c, 
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i = 2 S : = A ; 9 B. S C : = P, 6 C, 
i = 3 S- = A- e B-, 0 C- = P- © C, 







Ex. 1 : Design 4 bit adder using 3 F. A. (full adder) and 1 (Half Adder). 
Soln. : (1) From above statement we conclude that : 

(a) Numbers given to 4 bit adder will be A. - \ and B, - B 0 . 

(b) Output will be 4 bit. 

(c) We have to cascade all the stage. 



Fig. Ex. 6.1(a) 

in Fie. Ex. 6. 1 (a) we have first block H. A. (half adder) and next three stages are full adder. 
H A doesn't cater for carry, so if we want to 'Cascade' such 4 bit adders it will not be possible because 
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actually cam of .« 4 bi. stage should propagate to next stage 4 bi, adder, bit as H A doesn, have tha, 
terminal the same is not implcmcntablc. Output is S 0 S ? (Sum) wi y 


Ex. 2 : Design 4 bit adder using 4 full adders. 

Soln. : In previous problem we saw that cascade is not implementable because of non avai . cany ^ 
in to H.A. therefore we replace H. A. by F.A.. which caters for carry' generated from previous g 


B, 




B, 


B r 


Carry 


Ao 

1 




1 

1 


1 

* 




J- 

B 


A 


B 


A 


B 


A 


B 


A 

c 

FA 

r ' 



FA 

C in 


^out 

FA 

C in 

4- 

C QU t 

FA 

C,n 

°out 

^in 

4 

°out 







S 




S 




S 




S 

T” 



Fig. Ex. 6.2(a) 

As shown in Fig. Ex. 6.2(a) we have cascaded 4 full adder blocks. The 1 F.A. (right most) is inputs 
A 0 . B 0 and C 0 i.e. 2 inputs of operand and carry of previous stage (if at all it is present). This circuit is 


going to perform : 


A^ A2 Aj 



Final carry' 

Fig. Ex. 6.2(b) shows, 4 full adder circuit combined in one package, and named 4 bit full adder 
circuit. 


Aq - a 3 b 0 - b 3 
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Arithmetic Circuit 


input Operand 1 - A, 
Input Operand 2 - B , 
Carry in _ 

Carry out - q 
Sunt output - s, 


B, 


B, 


"'7T ~ ^2 S, b n 

1 n,s c,rcuit 1S also called as Binary Parallel Adder 


B, 


Pin Names 

1 

Description 

A o~ A 3 

A operand inpul (4 bits) 


B operand input (4 bits) 

Cq 

Carry input 

C 4 

Carry output 

So ~ 

Sum outputs (4 bits) 


Tabic 1 


Ex. 3 : Implement 8 bit adder using 4 bit full adder. 

Soln. : 


(June 99, 6 Marks) 



Y 7 Y 6 Y s Y 4 Xg X 6 Xg X 4 

mi mi 

B 3 B 2 8,00 Ag A 2 A, Aq 

4 Bit adder, _ 

* (74.3) C ° 


Final Carry 


S 3 S 2 Sj S 0 


Z 7 Zfi Z 5 Z 4 


y 3 y 2 y, y 0 x 3 x 2 X, x 0 

1111 nn 

B 3 B 2 B, B 0 A 3 A2 A, Aq 

4 Bit adder.. 

(74*3) 

S 3 S 2 S 1 S 0 



^3 Z 2 Zy Zq 


For 4 bit adder 1 

(I) A 


j A 2 A, 


Fig. Ex. 6.3(a) 

X, X„ 


b 3 b : 


B, B f 


^2 ^1 ~0 
Y 3 y 2 y, y 0 
z 3 Z 2 z, z 0 


c = 0 (Because this stage is the starting stage and assumes NO CARRY GENERATED FROM 
PREVIOUS STAGE.) 

C 4 => Carry from 3 rd bit propagated or Passed on to next stage. 

(2) For 4 bit adder 2 


Aj A| Aj 

B } B 2 B, B 0 


X 7 X 6 
Y 7 Y 6 
Z 7 Z 6 


s 3 S 2 S, b 0 = 

C 0 = Connected to output C 4 of 1* stage 
C 4 =4 final cany 


X 4 

Y 4 

Z 4 
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C 0 C 4 


i 


For 4 bit adder. 


For 4 bit adder. 


Let's implement some circuits using 4 bit adder block. 


Note : Here, in between carry i.e. C v C 2 and C 3 are not shown. But it will be taken into account. 


6.3 BCD Adder: 


4 bit adder block can be used to perform BCD addition. The rules for BCD addition are as follows : 


Rules : (1) When answer is > 9, add (6), 0 = (01 10) 2 
(2) If a cany is generated, add (6) 10 


The above steps are performed to get VALID BCD Number 
Reference for the same is Chapter 2. 

Let's refresh the concept 

(i) Add BCD numbers (6) ]0 and (5) 10 


( 6 ) 

(5) 


-> 
— ^ 


0 

0 


1 

0 


0 

1 


B, B, B, B f 


C in is grounded 
(for 4 bit adder) 


1 0 1 1 ( ^ S 3 S 2 S i S 0 ) 

Output S, S, S, S 0 = 1 0 1 1. But this code is not valid BCD. To get correct answer. 

we should add 6 into it. 


+ 

Carry 


m 


l 

o 


0 

1 


l 

0 


■(S, 


s, 


So) 


0 


0 


si' 

1 


0 

T 

1 


1 


4 


(9) 

( 8 ) 

Cany 


Take one more example, 
Add BCD 9 and 8 

=>1001 
=>100 0 


0 

1 

i 

1 


0 

0 

0 

1 

0 

1 

1 

0 

JL 

1 

1 

_Li 


} 


Answer is > 11 (6 + 5 = 11) valid BCD 

First level of addition 

If we observe answer is 1 1 but we want answer (9 + 8 = 17). 

.% add again 6, EVENTHOUGH answer is 0001 i.e. is valid BCD 

Answer is 1 7 (valid answer) 


i* « 
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delusion from above two examples : 

We require digital circuit which senses that answer is > 9 i.c. invalid BCD. After sensing, it 
should add 6 to the answer. 

C ) We have to also check 'Cany' generated because when cany generates answer is normally valid 

BCD. Therefore, circuit designed in point 1 will not help us to add 6, therefore sense 'Carry' and 
add six. 

(3) To achieve correct BCD answer we require two level of adder circuit. First adder will add BCD 
inputs. Second will add 6 to the answer only and only if numebr is invalid BCD OR carry 
-generated from FTRST STAGE 


So lets first design combinational logic circuit which will sense that number is greater than 9. The 


K-Map : 


Decimal 

cto auuwii in ianie O.j. 

Inputs 

Output 



s 2 

S 1 

So 

Y 

0 


0 

0 

0 

0 

0 

1 


0 

0 

0 

1 

0 

2 


0 

0 

1 

0 

0 

3 


0 

0 

1 

1 

0 

4 


0 

1 

0 

0 

0 

5 


0 

1 

0 

1 

0 

6 


0 

1 

1 

0 

0 

7 


0 

1 

1 

1 

0 

8 


1 

0 

0 

0 

0 

9 


1 

0 

0 

1 

0 

10 


1 

0 

1 

0 

1 

11 


1 

0 

1 

1 

1 

12 


1 

- 1 

0 

0 

1 

13 


1 

1 

0 

1 

1 

14 


1 

1 

1 

0 

1 

15 


1 

1 

1 

1 

1 


Table 6.3 \ 


s i s o g g 

b i b o 


S 3 S 2 


^ 3^2 00 


00 


5iS 0 

01 


S 1 S 0 

11 


Si3 0 

10 


5oS 


3 b 2 01 


S 3 S 2 it 


§ 3^2 10 


0 

0 

0 

1 

CO 

0 

0 

2 

0 

! 4 

0 

5 

0 

7 

0 

6 






(1 

1 


|T~ 

l"j 

14 

12 

13 


15 


0 

8 

0 

9 


J 

11 


10 


Y = S 3 S 2 + S 3 S 1 
Fig. 6.10 


Valid BCD 


Invalid BCD 
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Fig. 6.11 

(1) Two adder circuits (4 bit binary adders) are required. The first 4 bit binary adder performs actual 
addition. The second 4 bit binary adder adds six or zero depending on whether result is greater or 
less than 9, respectively. 

(2) Adding zero to the number, does not affect the result. But just passes it through the 4 bit binary 
adder. 

Refer Fig. 6.11. 

6.3.1 Packed BCD Addition : 


A packed BCD number is nothing but combination of two BCD digits i.e. 34, 59, 60 and so on. 
What we designed under BCD adder was for single BCD digit (4 bit number), now we require to add two 
BCD digits (8 bit), .'. logically the answer is, we have to cascade BCD adder circuit So total we require 
four 7483. Refer Fig. 6.12. 


Consider example : 

(i) 19 0 0 0 1 1 0 0 1 

+ 16 0 0 0 1 0 1 1 0 [Y 7 -Y 0 ) 

0 0 1 0 1111 
+0 1 1 0 

i£JLLA «P V-°-J 

3 5 


90 1 0 0 1 0 0 0 0 P^-Xq) 

+ 91 1 0 0 1 0 0 0 1 IYt-YJ 

liT ^0 ooio oooi 

( + 0 1 1 0 0 0 0 0 

. 1 . 1000 0001 

M » 1 L. 
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Fig. 6.12 


6.4 Excess - 3 Adder : 


Basic for excess - 3 addition : 


(1) Convert given numbers in their XS-3 format This is achieved by adding 3 to it. 

(2) Now add both the XS-3 numbers. 

(3) If cany generated > add 3 to the sum of two digits 

else » subtract 3 from sum of two digits. 

(4) For subtraction one can go for 2's complement method. 

(3), 0 =0011 

l's complement = 110 0 

_+ l + L 

Ts complement 110 1 /.add (1101) to the answer and neglect canv. 


Take an example, add 8 and 4 in XS-3. 

(8) I0 => (1000) 2 /. XS-3 = 10 0 0 

+ 0011 


(4) l0 => (OlOO^ 


XS-3 = 0 100 

+ 0011 


10 11 


0 111 
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1 

0 


0 

1 


-> XS - 3 (8) 
» XS - 3 (4) 


carry > j~l~] 0 0 1 o As cany is 1, add 3 


+ 

0 


0 1 


o 1 Q 


1_ 

0 


+ 

0 


0 1 1 


1 


1 l 


0 10 1 . 


Take one more example, add 4 and 3 
4 inXS-3 is 0111 
3 inXS-3 is 0110 

' ••• 4 .... .. 


-> in XS-3 


0 

0 



0 

1 1 

0 

1 

+ 

1 : 1 

0 

1 



1 

_2i 


7 in XS - 3 


Neglect 
carry 

Now here the problem is how you will come to know when to add 0011 or 1 101 (i.e. subtract 3). The 
answer is 'carry' bit. So here you haVe to design the circuit which will add 001 1 or 1101 depending upon 
carry bit. Therefore let's compare 0011 and 1101. 


B, B, B, B r 


'3 

0 0 
1 1 


1 

0 


when carry = 1 
when carry = 0 


If you observe B 0 bit in both situation, it is high. Now compare B,, B 2 and B 3 , you will find that 
one is complement of another. 

B, = B, = 0 


when Carry = 1 
Carry' = 0 _ 


B, = l 

B,=0 


B 2 = B 3 = 1 


follows cany complement of cany 


Circuit is, 


Carry 


( 

r 


Vc 

1 

l 


b 3 b 2 e 

>1 B 

0 


Fig. 6.13 (a) 

Finally, again we required two level of adder circuit. Refer Fig. 6.13 (b). 
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Fig. 6.13 (b) 


6.5 Binary Subtractor : 




Before we start designing binary subtractor using 7483. Let's have basics refreshed. 

6.5.1 Half Subtractor : 

This is basic building block for subtraction of two, one bit number. The truth Table is as shown 


In 

puts 

Outputs 

A 0 

B 0 

Difference (D) 

Borrow (B) 

0 

0 

0 

0 

0 

" 1 

1 

1 

1 

0 

1 

0 

1 

1 

0 

0 


Tabic 6.4 


The rules for subtraction has been already covered in chapter 2. 
K-Map : The circuit is as shown in Fig. 6.14. 
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b; 


A> 


o 

O 

CVi 

o 

O 

1 

0 

3 


- Aq © Bq 

(a) 


B - AqBq 


(b) 



Fig. 6.14 

Disach antages of half subtractor is. it doesn't cater for previous borrow, if any. 

^^5.2 Full Subtracter : 

To overcome problem of half subtractor, we design full subtractor. Assume A„ and B 0 as one bit 


y. 


Innuts 

Outputs 

A„ 

B„ 

B„ 

K 

B n + i 

0 

0 

0 

0 

— 

0 

iiYj'vrf, JU »* ■«. V-. 

U 

0 

1 

i 

1 

0 

1 

0 

l 

1 

0 

1 

1 

0 

1 

1 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

A 

1 

1 

1 

1 


Tabic 6.5 


K-Map : 


I 





B 0 B 

n B 0 B n 
00 

01 

B 0 B n 

11 

b„B„ 

10 

\B 0 B 

v\ 

“°8 

ICO 

c 

5 0 B„ 

01 

B 0 B n 

11 

b 0 B„ 

10 

*0 0 

0 

0 

© 

1 

0 

3 

© 

2 

Aq 0 

0 

0 

(1_ 

1 

(?) 

■“0 

L 2 

Aq 1 

0 

4 

0 

5 

© 

7 

0 

6 

Aq 1 

0 

4 

1 

5 

"U. 

1 

7 6 


0 = Aq ( B 0 B „ ♦ BqBJ ♦ Aq ( BoB n ♦ BqBJ B n4l = AqB 0 ♦ AqB 0 ♦ BQB n 

s ^0 (®0 ® ( B 0 ® B ,,) 

* Aq ® Bq ® ®n 


Fig. 6.15 (a) 
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diagram is as shown in Fig. 6.15 (b). 



Basically we never go for direct subtraction method. We use negative number representation i.e. l's 
complement and 2's complement number system, because A - B = A + (-B). 

So basic operation we perform is add A with negative B number. Secondly, we normally work with 
multidigit number, so we should go for multibit subtractor. 

6.5.3 Binary Parallel Subtractor using l's Complement Method : 

We have already seen l's complement method in chapter 2. We normally complement the operand 
which is to be represented in -vc number. Secondly after addition A and (-B), if carry generated, it is 
added in the answer therefore also called as end around carry. 

The circuit is as shown in Fig. 6.16. 
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Fij» (! ^ 7^ ^ ,lscs *1 bit adder. The same circuit can be implemented using full adder circuit, refer 



Fig. 6.17 

Basically working of both the circuit is same. We will see working of Fig. 6. 16 which is also valid 
for Fig. 6 . 17 . 

Case - I ; Perform 4 - 2 . operation is 4 + (-2) 

(4), 0 = 0100 = X 3 X 2 X, X 0 = A 3 A 2 A, A 0 
(2) 10 = 0 0 1 0 = Y 3 Y 2 Y, Y 0 
l's complement of (2) 10 = 1 1 0 1 (B. B 2 B, B 0 ) 


A 3 a 2 

B, B 2 


0 

1 


0 

0 


0 


0 


0 


B i B o + 

t 

C 4 0 0 1 

Carry (Indicates answer in true form) 

Case - II : Perform ( 2 ) - ( 4 ), .*. operation is ( 2 ) + (- 4 ) 

.*. ( 2 ) 10 = 0010 = X 3 X 2 Xj Xq = A 3 A 2 A| Aq 

(4), o = 0100 = Y 3 Y 2 Y, Y 0 

l's complement of ( 4 ) 10 = 10 11 = B 3 B, B, B 0 

A, A 2 A, A 0 0 0 1 0 

... + B 3 B 2 B, B 0 + 10 11 


> S 3 S 2 S, S 0 


!o 


I 1 


0 1 


c 4 1 10 


1 ~ * Sj s 2 s, s 0 


C = 0 carry indicates answer is in l's complement 

4 

So if we want in tme form again invert it 
... S 3 S 2 S',. S 0 = I 1 0 1 = (-2) 

Complement of (-2) 10 = 0010= (+2) (True fonn) 
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6-5.4 Binary Parallel Subtractor using 2’s Complement Method : 


Normally in practical condition \vc use 2's complement method of subtraction : 
s complement = l's complement + 1 

... 7 P er f° n u A - B, A + (-B) is performed, and B represented in 2's complement form. After 

* non if earn,' is generated, it is not taken in the final answer. It is used just to know that answer is in 
true form or not. 

is no^r^ Fl8 fi 616 ‘ 0utpul of invcr1cr (7400) gives l's complement. In 2's complement, end around earn 
required. Therefore C 4 and C 0 arc not connected. Now we can use C n input to get 2's complement. 

therefore C 0 we will tie to logic 1 . 

So finally inverter gives l's complement and C n adds 1. so we get 2's complement number. Refer 

Fig. 6.18. 0 


X 3 x 2 X! x r 


Yo Y, Y, 


Y n 


± — ± i 


Ao A ? A. A, 


V -r 


Y y y yi 


•7404 


3 m 2 «o 


b 3 b 2 B 1 B 0 


4 Bit adder 
(7483) 


S 3 s 2 S 1 s 0 


Carry 



743,;,V j 


■ ’ 


Output 


Fig. 6.18 

Fig. 6. 1 8 uses 4 bit adder block. Same circuit can be implemented usjng full adder. Refer Fig. 6. 1 9. 



S 3 s 2 S 0 

Fig. 6.19 


) 

1 

2 


The working of the circuit in Figs. 6.18 and 6.19 is same. We will leant how Fig. 6.18 works. 
Working of.circuit : 

Case I : Perform (4) I0 - (2) 10 , (4) 10 + (-2), 0 

(+4)| 0 = 0 10 0 - X) X 2 X, X,) — A 3 A 2 Aj Af, 

(+2), 0 = 0 0 10 - Y 3 Y 2 Y, Y 0 

l's complement =1 I 0 1 = B^ B 2 B ( B 0 , C 0 - 1 - V cc 
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r- A '_ A :_ _ A > A o 

+ f B, B. b; _ B.,1 


I 


0 

1 


0 

0 


0 

1 


TV 

his gi\ cs 2 s coinplcmcm 
ofY,Y,Y, Y 


5 


1 * 0 

given number 


I 

earn C 4 


Aramer 


MO 


CC 


Case II : Perform (2) 10 - (4) 10 , (2) + (-4) 

(+2) - 00 10 = X,X 2 X,X 0 = A 3 A 2 A,A 0 

=0100 = Y 3 Y, Y, Y 0 

1 s complement =10 1 1 = B ? B, B, B p ‘ , C 0 = 1 = V, 

Operation : 

A <_ 3 A ’ A » 
r®s B : "Sr F„1 

+ 1 pi 

l .1 

This gives 2's complement of given J^jj l l l 

input number Y ? Y ; Y, Y 0 i answer 

C 4 (Cam) 

Cam - indicates, to get answer find out 2's complement of S 3 S ; S, S 0 . 


+ 

+ 


0 

1 


0 

0 


s, s, s, s r 


1110 


l's complement 
+ 1 


( 2) 10 

0 


0 


Arithmetic Circuit 


» S : S, S, S 0 


0 > 


2's complement 0 0 

6.5.5 Controlled Addition / Subtraction : 


S 3 s ; s, s 0 


->( 2 ) 


10 


Under this section we would like to design a circuit which will function as adder as well as subtractor 
The operation should be performed according to the Control Input provided to the circuit To achieve this 

we use EXOR gate with 4 bit parallel adder (7483). 

Case I : As shown in Fig. 6.20, one terminal of EX-OR gate is tied to V cc (logic l) and other is 

given with variable A. 



Inputs 

Output 

A 

1 

Y 

0 

1 

1 

1 

t 

0 


© Truth Table 


Fig. 6.20 


As shown in truth table Output y is 'complement' of input variable A. 

Case II ' As shown in Fig 6.2 1, one temunal of EX-OR gate is tied to GND (logic rero) and other is 
tied to variable A. 
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Ao- 


£> 

© 


-<>y = a 


Inputs 

Output 

A 

0 

Y 

0 

0 

0 

1 

0 

1 


(b) Truth Table 


Fig. 6.21 

terminal^' 0 "* 1 Output Y is same as that of variable A. It means that EXOR with one 

I rM’c ^ - tIC£ * l ° 7CT ° 3CtS as trans P aren t gate i.e. input is 'zero’, output is 'zeroj input is T, output is T. 
csign circuit wliich will perform addition as w 


ell as subtraction. Refer Fig. 6.22. 



Output 
Fig. 6.22 

Fig. 6.22 uses 4 bit adder. The same circuit can be implemented using full adder circuit. The working 
of the circuit will be identical. The circuit using full adder is shown in Fig. 6.23. 



Output 
Fia 6 -n 
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Operation : 

Case - I ; Control Input = 0 

When Control Input = 0, EX-OR will act as transparent gate i.c. 

5 83 B ' B ° = Y 2 y , Y 0 ; A, A 2 A, A 0 = X, X 2 X, X 0 and C 0 = 0 
• • 7 **83 performs. 


+ 

+ 


a 3 

B, 


B, B, B, 


= X, 

- Y, 


Y, 


*o 

Y o 

0 


S > S 2 s, S 0 Zj z 2 z, z 0 

Adding 0 to X 2 X, X, X,, and Y 2 Y 2 Y, Y n will not affect answer 
Case — II ; Control Input = 1 

When Control Input = 1, EX-OR will act as an Inverter gate 


i.e. B. 
Here 


B. 

B. 


B, 

B. 


B 0 = Y 3 

B, B n 


*2 X 1 r 0 

l's complement 
= + 1 


2's complement 


Final operation can be represented mathematically, 


Y 3 Y 2 Y > Y 0 

= + Op 

2's complement of given 
number Y 3 Y 2 Y, Y 0 


+ 

+ 


B- 


B. 


A, 

B, 


B, 


+ 

+ 


*2 

Y, 


X, 


a 3 o 2 

6.6 BCD Subtractor : 


z, 


The 7483 is used as a basic, building block to implement BCD subtractor. For BCD subtraction 
nine's complement of the subtrahend is added to the minuend. The nine's complement of a number can be 
found by subtracting the given number from nine (9), or by adding 10 to l's complement of given number. 
For example : Find 9's complement of (2) 10 . 


(2) 10 = (0010) 2 


( 9) l0 10 0 1 
- (2)io 0010 

0 111 > Nine's complement of (2) 10 

The same you achieve by Adding 10 to l's complement of given number. 


(2), 0 

(0 0 1 0) 2 

l's complement of (2) 10 (1 1 0 1) 2 

(10) IO 

> 10 10 

+ (-2) 10 

> 110 1 

ca ri)' -* 

fi] o 1 1 1 — * 

(don’t take carry into account) 


■> ( 2), 0 


Nine's complement of (2), 0 
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S ” lc ^ 10c * * s morc easier to implement therefore most widely used. The circuit using the same is 
s, Knvn in Fig. 6.24. ' 


Input number 


D 3 D 2 D 1 D 0 



6.6.1 Working of Circuit : 

Take D 3 D 2 D, D 0 = (0 1 0 0) 2 = (4) 10 

B 3 B 2 B, B 0 = D 3 D 2 D, D 0 = 1 0 1 1,C 0 = 0(GND) 

A 3 A, Aj ■ Aq > 10 10 

+ b 3 b 2 b, B 0 > 10 11 

Ignore cany -> jj] 0 1 0 1 -> 9's complement of (4) 10 i.e. (5) 10 

As stated earlier to perform BCD subtraction, the 9's complement of subtrahend (operand 2) is added 
to the minuend (operand 1). Let's first see the BCD subtractor circuit. Refer Fig. 6.25. 

As shown, 4 bit adder, used to find 9's complement of operand 2. 

4 bit adder 2 , 4 bit adder 3 provides simple BCD adder circuit. 

4 bit adder 4 is used to get answer in true form. 

Let's study two examples for the same : 

Case - 1 : Perform BCD subtraction (8) 10 - (3), 0 

Here (8), 0 = operand 1 = (1000), = X 3 X 2 X, X 0 

(3), 0 = operand 2 = (00U) 2 = Y,Y 2 Y,Y 0 
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^CD input (operand 2) 



Fig. 6.25 v 


1 ' UMrniypMKl V ' V \M\-r* 
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Operation performed by 4 bit adder, : This is to find 9's complement of (3) 10 


A, A, 
+ B, B. 


B, B, 


-> 10 10 
-> M, M 2 M, M 0 


S, S, 


1, I, 


••• 9's complement of (3) 10 = (01 10) 2 

Operation performed by 4 bit adder, : 


l 


-> ( 6 ) 


10 


A, A 2 A, 
+ B, B, B, 


B, 


-> X, X, X, X 0 

■4 I ? I, li In 


s, s, 


J, J, Jl Jfl 


1 

Y, 


0 

Y, 


Y, 


0 

Y„ 


10 10 
110 0 


I, I, 1, I 


0 


0 

t 

carry ignored 


0 


0 

1 


0 

I 


0 

0 


1 1 


0 


can}' 

Operation performed by 4 bit adder, : 

As J 3 J 2 Jj J 0 = (1 1 10) 2 which is greater than 9, logic level at point 'P* is T. /. Q = 1 
7483 3 will add (6) 10 = (01 10) 2 to J 3 J 2 J, J 0 . 

A 3 A, A, A 0 > oi 10 > 0 110 

+ B 3 B, B, Bq > J 3 J 2 J, J 0 > 1110 

s 3 s 2 s, s 0 k 3 k 2 K, k 0 [7] 1 o 0 ~ ->k 3 k 2 k,k 0 

T 

cany 

Operation performed by 4 bit addcr 4 : 

As point Q = 1, point R = 0. This will make EX-OR gate transparent. 

/. K 3 K 2 Kj Kq — l 3 l 2 L, Lq 

Finally operation is : 

a 3 a 2 A, A 0 > 0 0 0 0 > 0 0 0 0 

+ b 3 b 2 b, b 0 + j 3 J 2 J, J 0 +0100 

+ C 0 + Co_ + 1 

S 3 S 2 s, s 0 z 3 Z, Z, Z 0 0 10 1 -> (5) 10 

and sign = 0 

/. Final answer for (8) I0 - (3) 10 = (5), 0 
Case II : Perfonn BCD subtraction for (3) 10 - (8) 10 
Here (3) 10 = Operand 1 = (0 0 11), = X 3 X, X, X 0 

(8) 0 = Operand 1 = (1 0 0 0)* = Y 3 Y, Y, Y 0 _ 

Operation performed by 4 bit adder, : 

A 3 A 2 A| A 0 -4 1 0 1 0 -> 10 1 0 -» 10 10 

+ b 3 b 2 b, B 0 -» m 3 m, m, m 0 -» y 3 y, y, y 0 -» 0 1 1 1_ 

S 3 St S, s 0 I 3 I 2 Io ^3 k *i *o [TJ 0 0 0 1 

T 

ignored 
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9s complement of (8) 10 = 0 () () l > (i) 

Operation performed by 4 bit adder : 


to 


A 3 a 2 A, A 0 _> X, X, X, X 


+ B 3 b 2 b, b 0 


o -> 0 0 1 


-> 


1") 1| l/l 


*3 S 2 s, S, 


0 0 0 1 


h J7 J, Jn 


Operation performed by 4 bit adder 3 : 


_0 

T 

canv 


0 


1 0 0 


As J 3 J 2 J 0 0 1 0 0 and No carrv generated P = Q = 0 

A A 3 A 

B, B„ B 


A > A o 

B n 


-> 0 0 0 0 

-> J3 J; J] Jq 


> 0 0 

> 0 1 


0 0 
0 0 


k 3 k 2 k, 


K n 


0 10 0 


Operation performed by 4 bit adder, : 

As point Q = 0, point R = 1. Therefore now EXOR gate will act as an Inverter i.e. 
L 3 L, L, L 0 = K 3 K 2 K, K 0 and C 0 = 0 


A 3 A 7 A 1 A q 

B, B 0 

C n 


'0 

1 0 


0 -> 


+ b 3 b 2 
+ 


+ 

+ 


L 3 L 2 L, L 0 


+ 

+ 


0 

0 


0 

1 

0 


S3 S 2 Sj 


^3 z 2 Zj Zf 


Answer is sign = 1 
So answer is - 5 as sign = 1 

6.7 XS - 3 Subtractor : 


I* III 

' ignore 

Z 3 Z 2 Z, Z 0 = 0 1 0 1 = (5), 0 


1 — > (5) 


to 


Steps involved in XS - 3 subtraction are as follows : 


Step I 
Step II 
Step III 
Step IV 


Convert both number in their XS-3 format 
Complement the subtrahend 
Add complemented subtrahend to minuend 
After addition of these numbers 
If carry generated then 

(i) Result is positive 

(ii) Add cam' to the result therefore called end around carry . 
else 

(i) Result is negative 

(ii) add (13) I0 

(iii) Take Ts complement of the result. 


Now we will sec the circuit for the same and analyse the circuit. 
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Operation of the circuit : 

Case I : Perform (8) 10 - (3) 10 in XS - 3 code, (8) 10 + (-3) 10 
XS - 3 for (8) I0 =10 11 = X 3 X^ X, X 0 

XS - 3 for (3) 10 = 0 110 = Y 3 Y 2 Y, Y 0 

1 3 l 2 Vo = 1001 i e. complement of (0 1 1 0), 

Operation performed by 4 bit adder, is : 

A 3 A 2 A, A 0 — > 1 0 1 1 — > j 

B 3 B 2 B, Bq — > ij It — > 1 

S 3 S 2 S, S 0 J 3 J, J, J 0 [j] 0 

c 4 


Arithmetic Circuit 


0 X 1 
0 0 X 
X 0 0 
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Operation performed by 4 hit adder, is : 

A 3 A : A i \ -> 0 0 1 1 ->()() 11 

+ B 2 B, B 0 + J 3 J 2 J, J 0 + o 1 0 0 

+ - £o_ 1_ + 0 0 01 

S ! S : S ! S 0 Z, Z, Z, Z„-0 | o 0 0 ^ Z, Z, Z, Z 0 

' Ignore 

As C 4 of 7483, is equal to T, R = 1, R = 0. Z 3 Z 2 Z, Z 0 = H 3 H 2 H, H 0 as EXOR gates arc 
transparent. 

H 3 H, H, H 0 = (1 0 0 0), = EX-3 code of (5), 0 with R = 1 
Case II : Perform (3), 0 - (8), 0 in XS-3 

XS-3 for (3) 10 = 0 110 > X 3 X, X, X 0 

XS-3 for (8), 0 = 10 11 > Y 3 Y 2 Y, Y 0 


B 3 B 2 B, B 0 = I 3 I 2 I, I 0 = Y 3 Y 2 Y, Y 0 = 0 10 0 

Operation performed by 4 bit adder, : 


•• A 3 

b 3 

^2 

B, 

A ] A o 

B, B„ 

T. T 

X 3 

I 3 

X 2 

I 2 

X, 

I, 

X 0 

I 0 

-> 

-> 

0 

0 

1 

1 

1 

0 

0 

0 


S 2 

s, s 0 


^3 

J 2 

Jl 

Jo 

' @ ' 

1 

0 

1 

0 









r 





As C 4 = 

0, R = 

0 R =1 





c 

' 4 of 4 bit adder 



Operation performed by 4 bit adder, : 










A 3 

A, 

A 1 A o 

-» 

0 

0 

1 

1 

-» 

1 

1 

0 

1 

+ B 3 


B, B 0 

+ 

J 3 

J 2 

J) 

Jo 

+ 

l 

0 

1 

0 

+ 


C 0 

+ 




R 

+ 




0 

S 3 

S 2 

s, s 0 


Z 3 

Z 2 

Z. 

z 0 

0' 

0 

1 

1 

1 


Now as R = 1, EX-OR gates connected at final output stage will act as complement or inverter gate. 

H 3 H 2 H,H 0 = Z 3 Z 2 Z,Z 0 = 0 1 T I = 10 00 
where 1 0 0 0 is XS-3 code for (5) 10 with R = 0 
So R will tell you about positive or negative sign. 

Ex. 4 : Using three half adders (HA), implement the following four' Boolean functions. Draw a neat 
diagram of the arrangement using minimum hardware. 

(i) PQR + (P ♦ Q R) 

(ii) P ® Q 6 R 

Oil) PQR 

Ov) PQR ♦ PQR 
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Soln. : Let’s take l* 1 half adder. 



p Q * PQ. 




Ro- 






W 


PQ © R 


P@Qo- 
R ©- 


PQR 


PQ.R + PQ.R 
= (P + Q) R + PQR 


T> 


P © Q © R 


LX} 


(PQ + PQ) R = 
— — — o 

PQR PQR 


(b) 

Fie. Ex. 6.4 


(c) 


Ex. o . Show that a full adder circuit consists of a three input EX-OR and a three input majority 
functions. 

Soln. : For a full adder we have. 

S = A © B © C 

C n+1 = AB + BC n + C n A = AB(C n + C n ) + BC n (A + A) + AC n (B + B) 

= ABC n + ABC n + ABC n + AB C n = Im (7. 6. 3, 5) 

Since there are three variables, the minterms possible are 0 through 7 out of which minterms 3, 5, 6 

and 7 has a majority of logical l's in their binary equivalent. Thus, C nJ . , is a three input majority 

function. 

Ex. 6 : Using half adder and additional gates, design a controlled half adder/half subtractor such that 
when control signal is logic 0, the entire circuit behaves as a H.S and when it is 1, if behaves 
as a half adder (H.A.) 

Soln. : Table 2 shows the tmth tabic for the above mentioned problem where M(mode control) decides 

HA or HS operation, 


Inputs 


Outputs 

Decimal 

A 

B 

M 

i 

i 


(D/S) 

X 

(B/C) 

> 

0 

0 

0 

0 

HS 

0 

0 

2 

0 

1 

0 

1 

l 

4 

1 

o 

j 0 

1 

0 

6 

1 

I 

0 

0 

0 

1 

0 

0 

1 

HA 

0 

0 

3 

0 

1 

1 

1 

0 

5 

1 

0 

1 

1 

0 

7 

1 

1 

1 

0 

l 


Diflercncc/Sum Borrow/Carry 
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Thc K ma P is d rawn in Fig. Ex. 6.6(a). 
V AB 


0 


0 

0 

1 

2 

0 

6 

1 u 

1 

4 

0 

1 

1 

3 

0 

7 

1 

5 


AB 

M\ 00 


01 


11 


X = AB + AB 
= A © B 


Y = ABM_+ ABM 
= B (AM + AM) 


Circuit : Refer Fig. Ex. 6.6(b) 


A°- 
B o- 


Mo- 


Fig. Ex. 6.6(a) 

x>- 


*x 


X> 




-> Y 


Fig. Ex. 6.6(b) 


10 


0 

0 

0 2 

6 

0 

4 

0 

1 

0 

3 

0 

O' 

5 

0 


Ex. 7 : Implement a full subtractor using two half subtractors and OR gate. 
Soln. : We know that, 


For half subtractor 
D — A 0 © B 0 


B A 0 B 0 
Let's say 


A 0 = X 
B 0 = Y 


For half subtractor 
D = x © y 

B = x v 


For full subtractor 

D n = Aq © B 0 © B n 

B „.|=A 0 B„+A 0 B 0 + B 0 B„ 


D„ = x + y + B n 

B „.i = * B „ + *y + yB„ 


The circuit is as shown in Fig. Ex. 6.7. 



Fig. Ex. 6.7 

= X © y ■ B n + x y 


= ( xy + x y ) B n + x y 
= x y B„ + x y B n + x y 
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= x (y + y B n ) + x y B n 
= x (v + B n ) + xy B n 
= xy + xB n + xyB n 
= v(x + xB n ) + xB n 

Arithmetic Circuit 

v A + AB = A + B 

6.8 Multiplier : 

= v(x + B n ) + xB n 
= xy + vB + x B 

* * n n 

Y A + AB = A + B 


1 ultiplication is accomplished by successive addition of 
ted partial products. Multiplying a multiplicand by 1/0 is 
qimalent to ANDing the multiplier bit by all the multiplicand 
its. and then adding the shifted partial products A basic building 
block is illustrated in Fig. 6.27. 

Since a n bit by n bit multiplication results in a 2n bit 
solution, we generally work with registers as shown in Fig. 6.28. 

Fig. 6.28 show's a register configuration to perform 
multiplication, where a register is an electronic circuit to hold 
multiple bit data. Every time a multiplier bit (LSB onwards) is 
multiplied with the multiplicand, it has no further use. Also, since 
the partial product is shifted by one bit, an additional bit space is 
generated. To reduce hardware, the partial product is shifted into 
the multiplier register from MSB side, while LSB bit is lost and 
does not affect the circuit performance as its purpose has been served 


Bit of incoming 
partial product 




. - n. 


[ 

r 

H| 

J 

i 

A B 

C o« — Adder 4 — C on 

r 



Sum 


Fig. 6.27 


i 







Fig. 6.28 


The register A is initially loaded with zero, and is used to save partial result subsequently. Consider 
an example for above hardware where M = 1 100 and Q = 1001. The multiplication steps are shown as 
follows i.e. 
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A 


Digital 


0 


0 


0 


1 1 


0 0 


c 


A 



Q 


nimmicuvy vsiii*uii 

0 

0 

0 

0 

0 

1 

0 0 

(TX^ 


+ 

1 

1 

0 

0 




" ^ add M 

0 

1 

1 

0 

0 

1 

0 0 

1 

shift right 

0 

0 

1 

1 

0 

0 

1 0 




i 


shift right 


0 

0 

0 

0 

1 

1 

0 

yj 

0 

1 



+ 1 

1 

0 

0 






0 

1 

1 

0 

1 

1 

0 

0 

1 

add M 

0 

0 

1 

1 

0 

1 

1 

0 

0 

shift right 



64 

32 


8 

4 


— 

108 


The steps involved are to check the LSB bit of multiplier Q and take the following steps : 
(0 If Q 0 = 0 shift CAQ one bit right 

\ 

(ii) If Q 0 = 1 add M to A keeping new result in A and then shift CAQ one bit right. 

In both cases, every time a shift is performed, carry bit C is copied into itself. 


6.8.1 Fast Multiplier : 

As seen in previous topic every multiplier bit is 
multiplied with the multiplicand. Also the previous 
technique fails if the multiplicand or multiplier is 
negative. This is because partial product for a negative 
multiplicand must be negative. One can avoid this 
problem by converting both, multiplier and multiplicand 
to positive numbers, perform the multiplication and 
eventually take two's complement of the result only, if 
the sign of the two original numbers differed. This can 
be achieved using a technique called BOOTHS 
ALGORITHM which also speeds up multiplication. The 
flowchart for Booths algorithm is depicted in Fig. 6.29. 

Consider an example using Booths algorithm as 
show'n, 6x5 where, 

M = 6 =0110 
Q = 5 =0101 



Fig. 6.29 


■I 
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Q-i 


+ 


0 

0 

0 

0 

0 

1 

0 

.1 

0 

Initially 

0 

1 

1 

0 




1 — 

1 

^A<- A-M 

1 

0 

1 

0 

0 

1 

0 

1 

0 

Shift 

1 

1 

0 

1 

0 

0 

1 

.0 

1 

0 

1 

1 

0 




l 

<- A + M 

0 

0 

1 

1 

0 

0 

1 

0 

1 

Shift 

0 

0 

0 

1 

1 

0 

0 

,1 

0, 

0 

1 

1 

0 




1 

I 

^A «- A - M 

1 

0 

1 

1 

1 

0 

0 

1 

0 

Shift 

1 

1 

0 

I 

1 

1 

0 

.0 

1, 


0 

1 

1 

0 




l_ 

J 

^A <- A + M 

0 

0 

1 

1 

1 

1 

0 

0 

1 

Shift 

<2_ 

0 

0 

1 

1 

1 

1 

3 

0 




16 

8 

4 

2 

= 30 


Four shifts as number of bits in 
multiplier are four. 

The MSB bit is copied onto itself 
and shifted Q_, bit is always zero 
initially. 


recoding table as shown in : 


Multiplier bit 
i i- 1 

Multiplicand selected by 
bit i 

0 

0 

0 X M 

0 

1 

+1 XM 

1 

0 

-1 XM 

1 

1 

0 X M 


(i) Multiplicand and multiplier both positive 7x3 = 21 






0 

1 

1 

1 





X 

0 

0 

1 

1 

( 0 ) 

1-0 

1 

1 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

X 

1 - 1 

0 

0 

0 

1 

1 

1 

X 

X 

0-1 

l£_ 

0 

0 

1 

0 

1 

0 

Jj 

= 21 


(TWOS COMPLEMENT FORM) 
<— sign extend in logical 1 as 
number is negative 


(ii) Multiplicand positive and multiplier negative 7 x - 3 = 21 


0 111 
x 1 1 0 1 (0) 


1 

1 

1 

1 

1 

0 

0 

1 

1-0 

0 

0 

0 

0 

1 

1 

1 

X 

0-1 

1 

1 

1 

0 

0 

1 

X 

X 

1 -0 


1 

1 

0 

1 

0 

1 

Jj 

= Two's complement of 21 


(iii) Multiplicand negative and multiplier positive - 7 x 3 = - 21 






1 

0 

0 

1 





X 

0 

0 

1 

1 

( 0 ) 

0 

0 

0 

0 

0 

1 

1 

1 

1-0 

0 

0 

0 

0 

0 

0 

0 

X 

1-1 

1 

I 

1 

0 

0 

1 

X 

X 

0-1 

Li_ 

1 

1 

0 

1 

0 

1 

Jj 

= Two's complement of 21 


<- sign extend to 0 as 
the original number is 
negative 
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(iv) Both, multiplicand and multiplier are negative - 7x-3 = + 21 

10 0 1 





X 

1 

1 

0 

1 

( 0 ) 

0 

0 

0 

0 

0 

1 

1 

1 

1 -0 

1 

1 

1 

1 

0 

0 

1 

X 

0 - 1 

0 

0 

() 

1 

1 

1 

X 

X 

1 -0 


0 

0 

1 

0 

1 

0 

_Li 

= + 21 


6.9 Comparator : 


In many of the applications, we would like to compare two numbers, when we compare two numbers 
sav A and B, there are only three possibilities : 

(0 A = B (ii) A > B (iii) A < B. 

In digital we have one device which compare two numbers, named Magnitude Comparator. Why it is 
called as magnitude comparator because it basically compares value of two numbers. After comparing it 
produces three outputs A = B, A > B, A < B, we will just refresh concept by learning single bit 
magnitude comparator. 


6.9.1 Single Bit Magnitude Comparator : 

Consider two, one bit numbers A and B. The truth Table is as shown in Table 6.6. 


Inputs 

Outputs 

A 

B 

Ya = b 

v 

1 A > B 

Y 

1 A < B 

0 

0 

1 

0 

0 

0 

1 

0 

0 

l 

1 

0 

0 

1 

0 

1 

1 

1 

0 

0 


Table 6.6 


K-map : 



B 

0 

B 

1 

* 

B 

0 

B 

1 


B 

0 

B 

1 

>1 

o 

© 

o 

0 

1 

A 0 

0 

0 

0 

i 

A 0 

0 

o 

© 

A 1 

0 

2 

© 

3 

A 1 

© 

2 

0 

3 

A 1 

0 

2 

0 

3 


y a=b = a b ♦ ab 

= A © B 


y a>b 

= AB 


y a<b 

= AB 


= A0B 

Fig. 6.30 
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Santc way if wc proceed further for two, 2 bit magnitude comparator we have to draw 4 variable K 
niap. For two, 3 bit magnitude comparator, wc have to draw 6 variable K map. So as you go on increasing 
bit one has to face difficulty of drawing K map diagram. 



Therefore we have to go for simple logic. Recall basic fundamental of comparing two numbers. 

Case I : Let's say A = (43) ]0 and B = (26) 10 . Just by looking to most significant digit of A and B i.e. 

4 and 2 respectively, one can conclude that A > B. 

Case II : Let's say A = (26) ]0 and B = (43) ]0 . Here by checking MSB digit you can conclude A < B. 

Case III : Let’s say A = (43) ]0 and B = (46) H . Here as MSB digits are same you switch over to next 

digit and will start comparing and from that you conclude something. But by chance next 
digits same, you declare A = B . 

Conclusion : (1) MSB is decision maker if MSB of two numbers is not same. 

(2) But if MSB is equal, you switch over to next digit, and will again start. 
(3) The step 2 will continue till you reach final LSB. 


Note : Remember basic equation for Y A _ R , Y A > R , and Y A < R . j 

Ex. 8 : Design two bit magnitude comparator. 

Soln. : Sav Y A =B = x, 

i D i 

= x ° 

One can write final equation of Y A = B 

Y a , D = x,.x () (means A, = B, AND A 0 = B 0 ] 

Y A<B = A,B, +x,.AoB 0 

/^b, _> checking most significant bit and derived from basic equation. 

x, • AyB,, — > A, = B, condition satisfied AND A,, B 0 condition satisfied So either of the condition 

satisfies output = 1. 

Y,\ >n = + x i * A t) 

We will verify the result with previous example 

Y a ^ B = x i* x o = * B,).(A 0 .B ft ) 

Y a < u ~ AjB, + (A, .B , ) A,,B„ - AjB, + |A,B, + A,B,J 
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= A,B, +A ) B 1 A 0 B 0 + A 1 B ) A 0 B 0 

= B, (A, + AXBol + A,B, AoB 0 [Law A + AB = A + B] 

= BJA.+AoBol+A.B.AoB,, = A,B, + A 0 B 0 B, + A,B,A 0 B 0 
= A, [B, + B^BJ + AnBnB, [Law A + AB = A + BJ 
~ A[ [B, A^ B 0 J + A 0 B 0 B, 

Y a ■ b ~ a,b 1 ^,a,b 0 -ha <) b i b 0 

Ex. 9 : Write Boolean expression for 4 bit magnitude comparator circuit. 

Soln. t y a b x v x ; .x,.x 0 where x 3 = Y Aj = B x 2 = Y^..^ 

Y a < b = A,B 3 + x 3 A 2 B 2 + X3.X2.AjB, + x 3 .x 2 .x, \ B 0 

Y a> b = + x 3 A 2 B 2 + x 3 .x 2 A,B, + x 3 .x 2 .x,.A 0 B 0 

To make our task easy for composition, we have MSI chip 7485. 


6.9.2 1C 7485 - 4 bit Magnitude Comparator : 


It is feasible to implement two or more variable magnitude comparator using logic gates. We therefore 
use MSI chip 7485 (4 bit magnitude comparator). 

Feature : 

(1) Compares straight binary or BCD codes (4 bit). 

(2) Outputs three lines, which indicate A = B, A > B or A < B. 

(3) Typical power dissipation 275 mco. 

(4) Typical delay (4 bit words) 23 T) sec. 

Pin configuration of the chip is as shown in Fig. 6.32. 



(a) 


Fig. 6.32 



A=B 

\>B 

^A<B 


(b) 
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Pin Names and Functions : 


— : pin Names 

Function 

A o-A, 

B o ~ B, 

Cascade A = B 
Cascade A < B 
Cascade A > B 

Output A = B 
Output A > B > 
Output A < B. 

y 

Binary Input (operand 1) Active HIGH 

Binary Input (operand 2) Active HIGH 

These three lines arc used for cascading 'N' 
number of 7485. Lines are input to the chip 

Output of previous stage is fed as input to this stage. 

These three are final output from the chip 

When 7485 arc cascaded, these outputs arc given 
to cascading input of next stage (Active HIGH) 


The truth tabic is as follows : 



Comparing Inputs 

Cascading Ini 

puts 

Outputs 

A 3 , b 3 

A,, B 2 

A p Bj 

A 0 ? B 0 

U>B 

r A<B 

[ A=B 

y A>B 

y a<b 

y a=b 

A s > B, 

X 

X 

X 

X 

X 

X 

H 

L 

L 

A, < B, 

X 

X 

X 

X 

X 

X 

L 

H 

L 

A, = B, 

A, > B 2 

X 

X 

X 

X 

X 

H 

L 

L 

A 3 = B, 

A 2 ^ B 2 

X 

X 

X 

X 

X 

L 

H 

L 

a. = b 3 

A 2 — B 2 

A] > B, 

X 

X 

X 

X 

H 

L 

L 

a, = b 3 

a 2 = b 2 

Aj < Bj 

X 

X 

X 

X 

L 

H 

L 

a 3 = b 3 

a 2 = b 2 

A] = B j 

Ao > Bq 

X 

X 

X 

H 

L 

L 

> 

II 

CD 

UJ 

A. = B-, 

A, =B, 

Ao B 0 

X 

X 

X 

L 

H 

L 

a 3 = b 3 

At = B-, 

A 1 = B 1 

Ao ~ B 0 

H 

L 

L 

H 

L 

L 

A, =B 3 

A : = B 2 

A, = Bj 

A 0 = B 0 

L 

H 

L 

L 

H 

L 

a 3 = b 3 

At = Bt 

A,=B, 

Ao - B 0 

L 

L 

L 

H 

H 

L 

a 3 = b 3 

A : = B 2 

Aj = B, 

Ao “ B 0 

X 

X 

H 

L 

L 

H 

a 5 = b 3 

At = B 2 

A, = Bj 

Aq “ B 0 

H 

H 

L 

L 

L 

L 


Table 6.7 


The function table is as shown in Table 6.8. 


Comparing inputs 

Cascading inputs 

Outputs 

< B 

“ B 

> B 

v 

1 A < B 

y 

1 B 

Y A> B 

A < B 

X 

X 

X 

1 

0 

0 

CQ 

II 

< 

0 

0 

0 

1 

0 

1 


0 

0 

1 

0 

0 

l 


1 

0 

0 

1 

0 

0 


1 

0 

1 

0 

0 

0 


X 

1 

X 

0 

1 

0 

A > B 

x 

X 

X 

0 

0 

1 


Table 6.8 
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^ Arithmetic Circuit 

corrcspond'^V' 1 ^^ S,3tCS ,llat *a < B or I A > n is at logic 1 ancl other two cascading inputs at logic 0, then 

irrcsncctiv "'r ? UtpUl Wl11 bc activc - In case A = B, then output will be true only is I A = B is at logic 1 
t mvc ot the other two inputs 

General Description : 

^ I . 

decoded decision 1 ' a ^V dude comparator perform comparison of straight binary or BCD codes. Three full 
outputs (Y y S 3 ° Ut ** ^ words (A 0 - A 3 , B 0 - B 3 ) arc made and are externally available at three 
gates \V A = B A > Q’ Y a < b)- Tliese devices arc fully expanded to any number of bits without external 
lines I. i 8 rca * c J' length may be compared by connecting comparator in cascade. For cascading, input 
lo cascading ^,^"1 A < 8 3rC providcd - y a = b> y a > b and y a < b of previous stage should be connected 
u: fc . „ , a = B’ I a > b and Ia < b respectively. Normally previous stage handles lower significant 

bits and next stage handles more significant bits. 

I^cfo 

Refer Table 6 7 ' d ’^ crcnt configuration of 1C 7485, let's study truth Table and functional Table. 
^ < g * -As shown, MSB is compared first i.e. A 3 and B 3 . Depending upon A 3 > B 3 or 

win ^ 1 ^ Ut > B 0r Y a < b arc active. But if A 3 = B 3 , cliip will compare A, and B,. If A, = B,, it 
compare A, and B,. If A, = B„ it will compare A 0 and B 0 . Now if A 0 = B 0 , then A 3 A 2 A, A 3 = B 3 
2 B, B 0 , so now chip checks cascading inputs i.e. I A > B , I A . B and I A < B . 

ere there are two cases, i.e. if cascading inputs are driven by previous stages, then no problem. But if 

described 5 ^ COn, 1 ?r? $WitdleS t0 cascadin S input and try to 'FOOL' chip then response given, will be 
0WS ' A < B i and Ia = b> Ia > b “ then ca se is previous stage indicates that in least 
significant bit A is less than B. 

I f Ia > b ~ 1 and Ia = b ’ Ia < b = 0 then case is previous stage indicates that in least significant bit A is 
greater than B. If I A = B = 1, then cliip will not check for I 

significant bits in previous stage are equal. 


A > b and Ia < b and concludes that least 


But if I A > B , I A < B I and I A = B - 0, then you are informing chip that A is greater than B as well 

a > b Ia < b — Ia = b = 


as A is less than B. Now one cannot tliink of such situation. Secondly if I 
means you are informing cliip that neither of the condition is true. This is again impossible. 

Then here chip will also fool you i.e. if you apply I A > B = I A < B = 1 and l A , B = 0, then chip given 
you output l A > B — I A < b " I A - b - 0. And if you apply I A , B = l A < B = I A . B = 0, chip gives you output 

> b 1 *a < b “ * an ^ *a = b “ So if you observe the situation I A _ B remains at 'O' logic and I and 
I A < B are 'complemented' and given as an output. A > 8 


Note: This output is also important i.e. I A > B = l A < B = 'O' or '1\ This will help uT^t to implement 5 bit 
comparator using single chip. 


Ex. 10 : Design 8 bit comparator using 1C 7485. 

Soln. : The circuit for the 8 bit comparator is shown in Fig. Ex. 6.10. 

(1) As shown in Fig. Ex. 6.10 operand I (X„ - X,) and operand (Y 0 - Y,) are applied to 
comparator for comparison. 

(2) Cascading outputs of 7485, is given to cascading inputs of 7485, i.e Y. „ Y and Y rt r 

.. r « * i i jt * ’ A > B* A A * B auu 1 a < ft 

7485,, is interfaced to I A > B , I A . D and I A<0 . 

(3) Final output is taken from 7485,. 
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00 (b) 

ft.„ ,. Fig. Ex. 6.10 

Pcration : When operand, and operand, is applied. 

5 2 will start comparison of A 3 and B 3 i.e. X 7 and Y 7 respectively. X 7 and Y 7 arc MSB bit of 
operand. 

r S WC , ^ now ^ ^3 ~ ^3> 7485 2 will switch over to A 2 , B 2 . If A, = B 2 , it will switch over to A. 
B, and so on. z ^ 2 1 

( ) f A 3 A q B 3 - B 0 (i.e. X 7 - X 4 = Y 7 - Y 4 ) of 7485 2 , then finally, chip will check cascading 
inputs. Cascading input to this chip is nothing but output of 7485,. 

( ) ow 7485, will execute the step 1 and 2 same as that followed by 7485 2 . But here comparison is 
made between X 3 - X 0 and Y 3 to Y 0 . 

^ ^ ®3 ~ Ci-e. X 3 - X 0 - Y 3 to Y 0 ) of 7485,, then 7485, will check cascading 

inputs. Now here important point is As 7485 , is LSB chip, we have to adjust logic level at 
cascading input is such a way that it should declare A = B. 

This statement is valid only when chip has LSB input. Referring to function (or truth Table) we 
conclude that if I A = b = 1 and I A > b = i A < b = x > chip will give output Y A , n = 1 
I = I = n A U 

1 A > B *A < B "• 

In circuit diagram, I A _ B = 1 = V cc and I A > B = I A<B = 0 = GND. 


Ex. 11 : Design 5 bit magnitude comparator using magnitude comparator chip (7485), 

Soln. : We know by now that output of a comparator is based on the data inputs as well as cascading 
inputs. Also, comparison always begins from MSB bit. As only four bits are available per variable, wc 
accommodate the fifth bit for A 0 and B 0 i.e. LSB's on I A > B and I A < B inputs. This leaves with I 

A * B 


whose connection can be found out based on function Table. 


Comparing inputs 


C; 

tscading Inputs 

Outputs 



<11 

^A - B 

^A > B 

Y 

1 A < B 

Ya-b 

Y A >» 


(a) 

0 

0 

0 

l 

0 

1 

A = B 

(b) 

0 

0 

1 

0 

0 

1 


(c) 

1 

0 

0 

l 

0 

0 


(d) 

1 

0 

1 

0 

0 

0 


(e) 

X 

1 

X 

0 

1 

0 


Table 3 
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Condition (c) is ruled out as it always indicate Y A = D = 1 . 

The other eases imposes a condition that I A = B must be ground. 

Cases (b) and (c) gives true output However for ease (a) and (d), output Y A „ B must be at logic 1. 
This can be implemented by considering that 


(a) 

(d) 


Cascading Input 

® ® ® 

® ( 0 ) ® 

Grounded 


Output 



Not used 


Since output Y a = B cannot be used, we design a new output for A = B as a function of Y A < B and 
Y a > B i-C. when Y a > B = Y a < B = *0’ or T, output Y A = B = 1. 


Input 

Output 

v 

*A>B 

Y 

*A<B 

Y a = b (Output) 

0 

0 

1 

0 

l 

0 

T 

0 

0 

1 

1 

1 


K map : 


r A<B 


Ya>b 
0 


© 

0 

0 

1 

0 

2 

CO 

© 


(a) 



Fig. Ex. 6.11 

y a = b = y a>b y a<b + y a<d y a>b = y a>b oy a<b . 

Final circuit diagram is as shown in Fig. Ex. 6.1 1(b). 

Ex. 12 : Design 24 bit magnitude comparator using minimum magnitude comparator chips (7485). 
Soln. : Refer Fig. Ex. 6.12 
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Fig. Ex. 6.12 

Here we can cascade six chips. But the problem is of propagation delay, therefore circuit is bit slower. 
The 24 bit input is fed to Five comparators, since there are only 20 inputs per variable the remaining 
four are accommodated as explained in previous problem. This connection is not done for LSB nibble 

comparator. 
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5^1? — Examples from University Papers 


Explain working of carry look ahead adder and give its advantage. 


(May 96, Dec. 96, Dec. 97, 6 Marks) 

Ans.. R c f cr Section 6.2.3, Page 6-5 to 6.7, till Fig. 6.9 only. 

2 * Implement 8-bit adder using 4-bit full adder. (June 99, 6 Marks) 

Ans. : Refer Ex. 3 on Page 6-9. 

plcment a 2 bit adder to add two 2- bit numbers, A = AjA 0 and B = BjB 0 , using 
minimum number of half adder blocks. (June 99, 6 Marks) 

^ 1C num bers are A = AjA 0 and B = B,B n therefore output will be sum 1 (S,), sum 0 

(S 0 ) and Cany (C). 0 


+ 

Carry— > [c] 


A, 

B, 

Co 


Ao 

B 0 


Si S 0 

As half adder has 2 inputs A, B and 2 outputs sum (S) and cany (C). 
Its truth table is 


Input 

Output 

A 

B 

S 

c 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 1 

1 

1 

0 

1 


Truth Table 1 


A © B 
A • B 


/. Using above equation we can design half adder as follows : 




Block diagram 
of Half adder 


Fig. Q. 6.3 (a) 
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Block diagram of 2-hit adder using half adders : 



Fig. Q. 6.3(b) 


Step 1 : We can say A () + B 0 gives S 0 and cam' C 0 . 

Sq = Aq © Bq 

C 0 = Aq * Bq 

Step 2 : C 0 is added to Aj. 

C 0 © Aj = A 2 — > Sum 
Cq ■ Aj = Cj — > Cam 
Step 3 : Now sum of second half adder A 2 is added to bit B t and cany C 2 is 


} 


Putputs of Second half adder 


A-, © B, = S. > Sum 1 


} 


Third half adder 


-(I) 


..( 2 ) 


A 2 • Bj = C 2 > Carry 

Step 4 : Now cam of tliird half adder C 2 is added to cany of second half adder C t which gives final 


:arrv C. 


C, + C, = C > Carry 


..(3) 


Diagrammatic representation of 2-bit adder using half adders and gates is as follows : 
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First half adder 


Second half adder 


Third half adder 


Fig. Q. 6.3(c) 


□ □□ 
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Syllabus : 


Multiplexer, Demultiplexer, Decoder, Encoder, Priority encoder. 


Name of the Topic 

Section 

number 

Theory 

Problems 

• Multiplexer 

7.2 


•/ 

• Demultiplexer 

7.3 



® Decoder 

7.4 



• ALU 

7.5 


s 

j \^Encoder 

7.6 




Comments 

o Full chapter is important. 

• Concentrate on decoder because most widely used in microprocessor. 

• MUX / DEMUX pair normally used in communication system. 

• ALU used in CPU (Central processing unit) 
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description lrC t0 ^carn about multiplexer, demultiplexer, encoder, decoder and ALU. The 


1011 ,s as fol| ows in next section. 

-^l^jjgjexer (Data Selectors) : 



vv : j * , *P cxcr 0r data selector is very popular and most 
0 * USC coni bination circuit. It has multiple inputs and 

utput. i.c. it accepts several data inputs and allows 
y one of them AT A TIME to get through to the output. 

qpt ^ es ‘ rC( ^ data input to output is controlled by 

T LINES. The Fig. 7.1 shows generalized block 
schematic of multiplexer. 

The multiplexer acts like a digitally controlled 
multiposition switch. In this case SELECT LINES will 
ccide which data inputs (D N _ j - D 0 ) will appear over 

output. In short, multiplexer selects 1 out of N input data 
sources and transmits selected data to single output channel. 
This is called multiplexing. > 



Select lines 


Fig. 7.1 


Basic 2 Input Multiplexer 


2:1 



Fig. 7.2 

Here basic concept is, we arc going to use AND gate as 'GATING' device. AND gate OPENS gate 

when its one of the input is at logic T, AND gate CLOSES gate when its one of the input is at logic 'O'. 
Therefore one line to AND gate is data inputs i.e. D 0 - D,. Now depending upon 'Address' of select lines 

or status of select lines, one lias to generate logic T so that only that particular gates allows particular bit 

to propagate through it. 
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Multiplexer. Demultiplexer, ALU, Encoder . Decoder 
' s disabled gj v j n , UC " ant to pass bit ’ P 11 * = therefore, AND1 will get enabled and AND2 

= if D =1 q! 5 . . 2 ou, P ut = °- AND I gate is open. Therefore if D 0 = 0 OR1 gives final output 
k IVCS 0, PP'd = I. Thus AND I acts as transparent gate. 

output through OrT S °~ 1 ANDI ,S disablcd ’ AND2 is cnab,cd - Thus D i bit status is passed on to final 

and mux is multini m,,lli P lcxcr can bc named as 2 : 1 mux, where 2 is input lines, 1 is output line 

j upicxcr. Let’s see 4 : ] circuit. 

control to cinhWa- ui ° ' n,r °duccd one more terminal i.c. E. E stands for ’enable.’ This pin is master 
cnablc/d, sable multiplexer., E = 1 -> enabled. E = 0 -> disabled. 




D n 


D, o- 


D 2 o- 


d 3 °* 




Oi 


! \ 







EH 


// 

// 


E = Enable 
Fig. 7.3 


Let’s see the truth table. ‘4.’ / Lf U> j 


-o y 



Inputs 

Output 

Enable 

Select inputs 

E 

s, 

S 0 

0 

X 

X 

0 

1 

0 

0 

D 0 

I 

0 

1 

D, 

1 

1 

0 

D 2 

1 

I 

1 

Di 


, ■ ,. .„ . ■ , . u,, v v.uu.ge >YU, uc no. 01 select lines will 

increase and dala lines will increase. 1 he relationship between select lines and inputs is given by n - 2 m 
where, ni = number of select lines; n - Number of data inputs. J 
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Function 


16 . 1 MUX 


H : 1 MUX 


Quad 2 : 1 MUX 


1 


.Quad 2 : 1 MUX 


Inverted output 


Inverted output 


O/P same as input 


Inverted output 


Draw the logic diagram of 4 : 1 MUX using NAND gate only (input Active Low). 

Soln. t a j 

This will cs, 8 n a circuit using NAND gates we replace all AND gates in Fig. 7.3 by NAND gates, 
ic i ma kc Ihc OR gate an input bubbled OR which is equivalent to a NAND gate. T he logic diagram 

«s shown m Fig. Ex. 7.1 (a). ' 



L 


i^Ex. 2 : Draw 8 : 1 Multiplexer using logic gates along with its truth table 
Soln. : Fig. Ex. 7.2 (a) shows 8 : 1 multiplexer using logic gates. 


Input 

Output 

s 2 


So 

Y 

0 

0 

0 

D 0 

0 

0 

1 

D, 

0 

1 

0 

d 2 

0 

1 

1 

D, 

1 

0 

0 

d 4 

1 

0 

1 

Ds 

1 

1 

0 

d 6 

1 

1 

1 

d 7 


Truth Table 1 
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~N 



» 


S, s r 


, 1 '1 1 


t "■ 


Dr 




Enable (E) o- 



Fig. Ex. 7.2 (a) 


Multiplexer can be also used to implement Combinational logic circuit (SOP FORM). This leads to 
minimum and organised hardware. Let's solve some examples. 


\J*' 


3 : Implement following function using 8 : 1 multiplexer, 
f = X m (0, 2, 3, 5, 7). 


Soln. : 

(1) Function specifies minterms 

(2) There are total three variable A, B, C because 
maximum minterms given is 7, which requires 
three variables to represent in the binary. 

Also being SOP form, output should be at logic 1 
for the given minterms. The circuit diagram is shown in 
Fig. Ex. 7.3 (a). 
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cd \_-&cT4 : Implement full adder circuit using 8 : 1 MUX. 

\ Soln. : Truth tabic for full adder is as follows : 


I/p 

0 / P 

A 

B 

C 

Sum (S) 

Carry 

0 

0 

0 

0 

0 

0 

0 

1 

•1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

(iu 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 

1 


Table 2 

The circuit is shown in Fig. Ex. 7.4, . 


v cc 



Fig. Ex. 7.4 




l/Ex. 5 : Implement a 16 : 1 MUX using 8 : 1 MUX. 

ii m 

Soln. i Tliis problem asks for cascading the multiplexer. Cascading takes care of the fact that MSB bit is 
always zero for first half of the minterms, and logic 1 for the remaining half. The MSB bit is therefore 
connected to enable input of MUX. The remaining lines are connected to SELECT lines. Refer Fig. Ex. 
7.5 (a) . 

In Fig. Ex. 7.5 (a) A, B, C, D are used to select any input line. A = MSB and D = LSB. A is going 
to enable / disable multiplexer. When A = 0, upper multiplexer will be enabled, therefore inputs of upper 
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Mux"- “ — IjzL Multiplexor, De mult i plexer, , , 

' ^ ,C ^ C( I Irotn D 0 to D 7 . When A = 1, lower multiplexer is enabled and therefore inputs of lower 
rc let! ns D.. in n ti»« ««•<>! r-> The output of two MUX is 


/u.u, tin couor, 


' C( ro,n D 0 to D 7 . When A = 1, lower multiplexer is enable 

' labelled ns D x to D, v The total combined gives us D n to D, 
_ logically 0 Rcd> * ■ * °’ 


o 


0 


\N 


MSB 

select 

lines 



o 


D 0 

D, 

d 2 

Dn 


D S 

d g 

d 7 




TO" 

5,r 


12 ' 


13 ‘ 


D 


14 ' 

> 15 - 


D 0 

D, 

D 2 

Da 

d 4 

d g 

D 6 

d 7 


E S 2 S, 


8 : 1 
MUX 


<o. 


D n 


s 2 s, s 0 


8 : 1 
MUX 


D. 


c- 


D-y 


0 


n 


r 


■ 




f 


c r ) ‘ 




Fig. Ex. 7.5 (a) : Cascading multiplexer 


t^Ex. 6 : Construct 16:1 MUX using 4 : 1 MUX (s). 

Soln. : As we want to implement 16 : 1 MUX, we require 4 select lines. 4 : 1 MUX has only two select 
lines. The configuration or implementing circuit is shown in Fig. Ex. 7.6 (a). 

As shown Sj S 0 lines of MUX, 2 3 4 are tied together and given C and D inputs. Here we are using 
ABCD i.e. four variables, where A = MSB and D = LSB. 

When A = 0, B = 0. D 0 line of MUX 5 will be selected. Now toggle CD from (00) 2 to (11) 2> this will 
select D 0 , Dj, D 2 , D 3 of MUX,. As A = 0, B = 1, D, line of MUX 5 will be selected. 

Now toggle CD from (00) 2 to (1 1) 2 , this will select D 4 , D 5 , D 6 , D 7 of MUX^. 

Now change A = 1, B = 0 and finally A = 1, B = 1, this will select MUX 3 and MUX 4 respectively. 

Table 3 shows O/P selected. 
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ID 

C 

' r 



( r>. 






3 



1 


3 


I 


Fig. Ex. 7.6 (a) : MUX using 4 : 1 


Decimal 

Inputs 

Output 


A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

D 0 


1 

0 

0 

0 

1 

Dl 


2 

0 r 

0 

1 

0 

d 2 


3 

0 

0 

1 

1 

d 3 

-J 

4 


~T 

o"" 

o 

d 4 


5 

0 

l 

0 

1 

D 5 


6 

0 

l 

1 

0 

d 6 


7 

0 

l 

1 

1 

D 7 


8~' 

"T“ 

r 0 

o'"" 

0 

' Dg 


9 

1 

0 

0 

1 

d 9 


10 

1 # 

0 

1 

0 

D 10 


1 1 

1 

0 

1 

1 

Dll 


12 

1 

1 

0 

0 

Dj2 


13 

1 

1 

0 

1 

d I3 


14 

I 

1 

1 

0 

D 14 


15 

1 

1 

1 

1 

Dl5 



Table 3 


MUXj 

selected 

mux 2 

selected 

mux 3 

selected 

MUX 4 

selected 
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select lines' - S °^ C( * cxani ples and in that \vc have taken very simple criteria into account i.c. number of 
more than nu,n j )cr °f variables. But it is also possible to implement a function having ’One variable 
function ha^ ^ ^ nCS * * C- " e * lave ^ : 1 MUX having 3 sdjcct lines, but we can implement minterm 
aung 16 states containing four variables. Let’s solve example to understand the concept. 


Implement following functions using 8 : 1 MUX : 

!k! F = f (A ’ B ’ C ' = < 2 ' 4 - 5 > 7 - 10 ' i 4 ) • 

Soln • F “ f (A. B, c , D) = Im (0, 2, 4, 6, 8, 10, 12, 14). 

( a ) (1) Given function has four variables A, B, C, D. 

(2) Minterm numbers where O/P required is logical T, are 2, 4, 5, 7, 10, 14. 
(2) We have 8 : 1 MUX, which has three select lines S 2 , S,, S 0 . 

(4) Therefore S 2 , S,, S 0 will be connected to B. C, D input variables. 

(5) To introduce fourth variable (select line) we use design table. 


(6) Since there are only eight inputs lines, we have to accommodate the minterms in two 
rows of eight each (total 16 minterms for 4 variables), in design table. Design table is as 
shown in Table 4. 


Inputs 

D 0 

D t 

d 2 

d 3 

d 4 

d 5 

d 6 

°7 

* A 

0 

1 

2 

3 

4 

5 

6 

7 

A 

8 

9 

10 

11 

12 

13 

14 

15 

Final I/P to MUX 



Table 4 


Table 5 shows generalized structure. 

(b) Now you have to encircle the terms specified by the function i.e. 2, 4, 5, 7, 10, 14 in the 
design table. ’ 


Inputs 

D 0 

D, 

d 2 

D 3 

d 4 

d 5 

d 6 

d 7 

A 

0 

1 

© 

3 

@ 

© 

6 

® 

A 

8 

9 

© 

11 

12 

13 

© 

15 

Final I/P to MUX 


Tabled 


After encircling the required minterm you would like to fill the row having heading Final UP to 
MUX. For that you have to follow some standard rule which are as follows : 

(1) If all the minterms in column are circled, put a logic 1 below i.e. at Final UP to MUX row. It 
means that output must be at logic 1, if either of the minterm is selected. 

(2) If in column, only top row minterm is circled, then being amongst lower 16 minterms, its MSB 

bit must be at logic 'O' i.e. variable A must be ground. Therefore A is selected. 

(3) If in a column, only bottom row minterm is selected or circled, then being amongst upper 16 
minterms, its MSB must be at logic 1 i.e. variable A must be Vcc. Therefore A is selected instead 

nf a 
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(4) If none of the mintenns in a particular column arc selected, put logic 'O' below i.e. output must be 
logical () as there mintenns arc not a part of SOP expression 


Table 6 

The circuit diagram is shown in Fig. Ex. 7.7 (a). 


u — nnallv the table will be as follows 

Inputs 


D, 

0, 

D, 

D 4 

D< 

I>6 

d 7 

A 

0 

1 

© 

J 

3 

© 

© 

6 

© 

A_ 

8 

9_ 

G 

II 

,12 

13 

Q 

15 

jjjnal I/P to MUX 

L o 

0 

i 

0 

A 

A 

A 

A 




Fig. Ex. 7.7 (a) : Circuit diagram Fig. Ex. 7.7 (b) : Circuit diagram 


(b) The design table for this problem is shown in Table 7. 


Inputs 

P. D J D 2 p , B, D, D, D, 

A 

A 

© 1 © 3 © 5 © 7 

© { > © 11 © n © is 

Final I/P to MUX 

1 o 1 (1 1 „ 10 


Table 7 


The circuit diagram is shown in Fig Ex 7 7 (b) 


Ex. 8 : Implement following function using 16 1 MUX 

F (A, B. C, D, E) = Xm (2, 4. 5, 7, 10, 14, 15. 16, 17, 25, 26. 30. 31) 

Solfl. : Given five variable function is to be implemented using 16 1 MUX 74150. 74150 has only four 
select lines. Therefore we have to introduce one more vanable (or select line) To achieve this we design 
Table 8. 
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D 0 

1 

2 

3 

4 

5 

IVIU 

6 

7 

8 

9 

10 

^ 1 1 / ' i- 

11 

- w > 1 — 1 

12 

13 

14 

15 

A 

0 

1 

© 

3 

© 

© 

6 

© 

8 

9 

© 

1 1 

12 

13 

© 

© 

A 

(16) 

© 

18 

19 

20 

21 

22 

23 

24 

@ 

© 

27 

28 

29 

@ 

© 

Final I/p t0 MUX 

A 

A 

A 

0 

A 

A 

0 

A 

0 

A 

1 

0 

0 

0 

1 

1 


Table 8 


i auie o 

Since there are only 16 inputs, to accommodate minterms from 0 to 3 1, we made two rows of 16 each, 
ere A MSB and D = LSB. Now, after writing states from 0 to 31, circle the variables (or state) given 
in expressions in the design table. Follow the rules for deciding final I/P to MUX. 

Circuit diagram : 


V, 


1 . 


cc 


c 8 

e 9 

E 


16:1 

MUX 


W 


10 

=11 

=12 

=13 ' 

=14 

: 15 D C B A 


TTTT 

B C D E 
Fig. Ex. 7.8 (a) 


— — o Output 


1/6 7404 



Ex. S : Realise the following expression using 16 : 1 MUX. 


F = f (A, B, C, D, E) = Sm(1, 9, 10, 12, 18). 
Soln. : Form design table first. 


Inputs 

Do 


d 2 

d 3 

d 4 

D 5 

d 6 

d 7 

D» 

d 9 

D,o 

D lt 

D|2 

D 13 

»I4 

D,s 

A 

® © 

2 

3 

4 

5 

6 

7 

8 

© © 

11 

© 

13 

14 

15 

A 

16 

17 

@ 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Final I/P to 
MUX 

0 

A 

A 

0 

0 

0 

0 

0 

0 

A 

A 

0 

A 

0 

0 

0 


Table 9 


Given a 16 : 1 MUX whereas minterm 18 requires five variables. Now draw circuit diagram. 
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(ii) all 8 : 1 MUX 

(iii) all 16:1 MUX 


Soln. : Design table will be as shown in Table 10 : 

To incorporate variable A we design the circuit as shown in Fig. Ex. 7.10(a). 


1 

Inputs 

Do 

D i 



»4 


d 6 


D 8 

D 9 

D 10 


D 12 

Du 

®14 D|5 

j A 

© 

© 

© 

© 

4 

5 

© 

7 

CD 

© 

© 

11 

12 

© 

u @ 

A 

16 

© 

18 

19 


21 

22 

23 

® 

25 

26 

27 

28 

29 

® 31 

| Final 1/P to 
| MUX 

A 

1 

A 

A 

A 

0 

A 

0 

1 

A 

A 

0 

0 

A 

A A 


Table 10 


(i) Use all 4 : 1 MUX : 

We have already constructed 16 : 1 MUX using, 4 : 1 MUX (Ex. 6). Using 16 : 1 MUX you can 
, implement function having 32 states (0 to 3 1 ) . The circuit is shown in Fig. Ex. 7. 10 (a). 
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Fig. Ex. 7.10 (a) 

(ii) Using 8 : 1 MUX : 

We will first construct 16:1 using 8 : 1 MUX, and then apply the design table of Table 10. 



Fig. Ex. 7.10 (b) 


Scanned by CamScanner 


7-14 Multiplexer, Demultiplexer, ALU, Encoder, Decoder 


0») Using 16 : l MUX : 

Since, it already has 16 inputs (4 variables) we introduce fifth MSB variable A at input as shown 
m Fig. Ex. 7.10 (c). 


B C D E 



Ex. 11 : A chemical reactor has three sensors indicating the following conditions : 

(i) Pressure (P) is 'low' or ’high’. (ii) Temperature (T) is 'low' or 'high' 

(iii) Liquid level (L) is 'low' or 'high 

H has two controls : Heater (H) which is either ON or OFF and an inlet value (V) which is 
either OPEN or CLOSED. The controls are operated as per table shown. 

(a) Using the convention HIGH = 1, LOW = 0, ON = 1. 

OFF = 0, OPEN = 1 and CLOSED = 0, draw the Karnaugh maps for H and V. 

(b) Obtain the minimal SOP and POS expressions for H and V. 

(c) Realize the logic H and V using two 4 - input multiplexers with T and L as control inputs. 
Use T as MSB. 


Inputs 

Outputs 

P 

T 

L 

H 

V 

LOW 

LOW 

LOW 

OFF 

OPEN 

LOW 

LOW 

HIGH 

ON 

CLOSED 

LOW 

HIGH 

LOW 

OFF 

OPEN 

LOW 

HIGH 

HIGH 

OFF 

CLOSED 

HIGH 

LOW 

LOW 

ON 

OPEN 

HIGH 

LOW 

HIGH 

ON 

CLOSED 

HIGH 

HIGH 

LOW 

OFF 

CLOSED 

HIGH 

HIGH 

HIGH 

X 

X 


X system shut down. 
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Inputs 

Outputs 

P 

T 

L 

H 

V 

0 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

1 

X 

X 


Table 11 


Since there are eight input conditions and a 4 : 1 MUX, we make the inputs a function of MSB bit P. 


The design table is shown in Table 12: 


Inputs -» 

D 0 

D, 

d 2 

d 3 

P 

0 

© 

2 

3 

P 

© 

© 

6 

7 

Final I/P to MUX 

P 

1 

0 

0 


Table 12 : Table for H output 


The circuit diagram is shown in Fig. Ex. 7.1 1(a). Similarly for output V we have, 


Inputs — » 

D 0 

D, 

d 2 

d 3 


P 

© 

1 

© 

3 


P 

© 

5 

6 

7 


Final I/P to MUX 

P 

0 

P 

0 



Table 13 : For O/P V 


The circuit diagram is shown in Fig. Ex. 7.1 1 (b). 



Fig. Ex. 7.11 (a) 




Scanned by CamScanner 


... 7-16 Multiplexer, Demultiplexer, ALU, Encoder. Decoder 

12 . Design a circuit using 2 : 1 MUX to implement each of the following functions. Use gates and 
inverters if necessary. 


(') Y A B, use B as a select input (ii) Y = A + B , use A as a select input 

("■) Y - A © B, use B as a select input (iv) Y = A 0 B, use A as a select input. 

Soln. . (i) y - AB means O/P is logic 1 only when A = 0, B = 1, (l) t0 , for all other combination 
O/P = 0. 


Therefore, design Table 1 

14, 

Input 

Do 

D t 

A 

0 

© 

A 

2 

3 

Final I/P to MUX 

0 

A 


Table 14 


Circuit as shown in Fig. Ex. 7.12 (a), 
(ii) Y = A + B 

= A(B + B) + B(A + A) 

= AB + AB + AB + A B 

= AB + AB + AB 
O/P is logic T when, 

A = 6 = B 

A = 1, B = 0 

A = 1, B = 1 


-> 


(0)io 

(2) ,o 

( 3 ) io 


'cc 


iputs 


Fig. Ex. 7.12 (a) 
/. Design table is, 



Inputs 



Input 


D l ; 

A 

® 

i 

A 

© 

© 

Final I/P to MUX 

Vcc 

A 


Table 15 


— « \ " : -VT ■ 
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(iii) Y = A © B 

= AB + AB 
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Design table. 


0/1’ is logical when A = 1 B = 0 i.c. (2) 10 

/ t 3 = 1 i.c. (1), 0 


Input 

M 

f 

1 

D. 

A 

0 

© 

A 

© 

3 

Final I/P to MUX 

A 

A 




L>o 

2:1 



MUX 

Y 

D, 

S 0 



Tabic 16 


Bo- 


Fig. Ex. 7.12 (c) 


(iv) Y = A (XNOR) B = A B + AB 

0/P is log. al . when A = B = 0 and A = B = 1. i.c. (0) ]0 and (3) 10 respectively. 
Design table. 


Input 

D 0 

D, 

A 

© 

1 

A 

2 

© 

Final I/P to MUX 

A 

A 


Table 17 


Inputs 



0/P 

— ► 


We have solved different types of problems. Refer Ex. 7, in that we have seen that four variables 
function implemented using 8 : 1 MUX. In that we have implemented method where we have taken MSB 
as additional bit. Now we are going to learn one more method where we will select LSB line as additional 

line (bit). 


x i ' ■■ * - * Tffi-Ta ypg t*'" * rt % t jr 


rr* * v- 



Scanned by CamScanner 


ami fr-ncoaei. 


Digital 

1 ~ — 7-18 Multi plexer, D e multiplexer, ALU, Encoder, Decoder 

** 3 : Design circuit using 8 : 1 MUX 

F (A. B, C, D) = £m (2, 4, 5_ 7 iq, 14). 

• (*) A, B, C, D — > four variables arc present. 

(2) Therefore no. of states will be 2" = 2 4 = 16. 

0) Make a table which contains binary (<)00()) 2 to ( 1 1 1 1 ) 2 . 

(4) After that write down 0/P Y i.e. you want 0/1. Normally you should write down logic 1 in 
O/P Y column, in the row specified by function i.e. 2, 4, 5, 7, 10, 14. 

(5) Now go on grouping 2 states. 

( 6 ) Finally, keenly observe bit D (i.e. LSB) and O/P Y 

jr y ' 

contains 0 or '1' irrespective of D changes, then simply write down logic 'O’ or logic T 

respectively. 

If O/P Y is same as that of D bit, write D in front of function. If O/P Y is complement of D bit, 
write D. 


Truth table is as shown in Table 18, 

— Inputs Output 


Function 


I/P to MUX 



GND (logic '0') 


D (when D = 0, Y = 1; D = 1, Y = 0) 



D (when D = 0, Y = 0; D = 1, Y = 1) 


logic 'O', GND 


GND logic 'O' 



Table 18 
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shown in Fig. Ex. 7.13 (a). 
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Fig. Ex. 7.13 (a) 

J*. 14 : Implement the following function by using a 8 : 1 MUX. Draw the logic diagram and explain the 
connection scheme. 


F - f (A, B, C, D) = Im (0, 1, 4, 8, 10, 14, 15). 

5oln. : 


A 

B 

c 

D 

Y Function 

8 : 1 MUX 

0 

0 

0 

0 

1 




0 

0 

0 

1 

1 


1 

D 0 

6 

0 

1 

o 

0 

-1 

► 


0 

0 

1 

l 

0 


0 

Dl 

6 

i 

0 

o 

i 

— 



0 

l 

0 

l 

0 


D 

d 2 

0 

l 

1 

0 

0 




0 

l 

1 

l 

0 


0 

d 3 

l 

0 

6 

o 

i 




l 

0 

0 

l 

0 

— 

D 

, 

d 4 

T 

0 

1 

0 

l 

— "1 



l 

0 

1 

i 

0 


D 

d 5 

i 

1 

6 

o 

0 




i 

1 

0 

l 

0 


0 

d 6 

l 

1 

l 

0 

1 


# 


l 

I 

l 

l 

1 


1 



Table 19 
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Circuit Diagram : Refer Fig. Ex. 7.14 (a). 
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'cc 



Fig. Ex. 7.14 (a) 


■ ^ ’ * m Pl emen t the following functions using a 8 : 1 multiplexer. Draw the logic diagram and 
explain the connection scheme. 

F = f (A, B, C, D) = I m (0, 1, 3, 4, 6, 7, 10, 12, 14, 15) + d (2, 5). 

' So,n - : In lhc function Don’t Care conditions are introduced. As you are aware. Don’t care can be treated 
logic ’O', ' 1 ' depending upon your convenience. 


Minterm 

A 

B 

c 

D 

Output 


0 

0 

0 

0 

0 

1 

1 

1 1 

1 

0 

0 

0 

1 

1 

J 

I 

2 

0 

0 

1 

0 

X 

- 1 

I- 

3 

0 

0 

1 

1 

1 


1 1 

4 

0 

1 

0 

0 

1 



5 

0 

1 

0 

1 

X 


1 

6 

0 

1 

1 

0 

1 


1 

7 

0 

1 

1 

1 

1 

•— 

. 

8 

1 

0 

0 

0 

0 

] 

1 0 

9 

1 

0 

0 

1 

0 

J 

l 

10 

1 

0 

1 

0 

1 

— ' 



D 

11 

1 

0 

1 

1 

0 



12 

1 

1 

0 

0 

1 

H 

* - 

D 

13 

1 

1 

0 

1 

0 



14 

1 

1 

1 

0 

1 

n 

i i 

15 

1 

1 

1 

1 

1 

J 

1 


Truth Table 


A 

B 

c 

O/P F 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

0 

1 

0 

1 

6 

1 

1 

0 

6 

1 

1 

1 

i 


Both 'X' are treated as logic T 


Table 20 
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Both 'X' arc treated as logic T. 

Circuit diagram : Refer Fig. Ex. 7.15 (a). 


D 

9 




cc 

Q 


D 0 


D, 


d 2 


d 3 


d 4 

8:1 

MUX 

d 5 


d 6 


d 7 



S 3 s 2 s 1 


-op 


D O 


Enab|e i A i 

ABC 
Fig. Ex. 7.15 (a) 


^/Ex. 16 : Implement the following function by using 8 : 1 MUX, 
f = n M (1, 4, 5, 8, 10, 12, 15) + d (2, 7). 

Soln. : Here instead ol minterm, maxterm is specified. The same function can be written as, 
Im (0,3,6, 9, 11, 13, 14) + d (2, 7). 

Don’t Care can be treated logic 'O' or T. 


Decimal 

A 

B 

c 

D 

Y 


MUX I/Ps 

0 

0 

0 

0 

0 

1 

D 

D o 

1 

0 

0 

0 

1 

0 



2 

0 

0 

1 

0 

X 

1 

D 1 

3 

0 

0 

1 

1 

1 

1 


4 

1 

1 

0 

0 

0 

0 

D 2 

3 

0 

1 

0 

1 

0 

J 


6 

0 

1 

1 

0 



°3 

7 

0 

1 

1 

1 

X _ 

J 


8 

1 

0 

0 

0 

0 

D 

D 4 

9 

1 

0 

0 

l 

1 

J 


10 

1 

0 

1 

0 

0 

1 D 

D 4 

11 

1 

0 

1 

1 

1 

J 


12 

1 

1 

0 

0 

0 

1 D 

D 6 

13 

1 

1 

0 

1 

1 

J 


14 

1 

1 

1 

0 

l 

> 

°7 

13 

1 

1 

1 

1 

0 


1 


— f Tf * ? -VfH 

,• liMM WttM 1 iM 1 III 
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Hcrc ( 2 ) i o minterm is treated as logic T, 

(7) 10 minterm is treated as logic T 
Circuit diagram : 
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D 

o— 


1 

o< 

. o 




k 


_D . 







d 2 

D-, 


8:1 

MUX 


■Output 


ABC 

Fig. Ex. 7.16(a) 


\A 


:X. 17 : Implement function F = n M (1, 3, 5, 10, 12, 14) + d (0, 2) using 16 : 1 MUX. 
SoIrK :_The same function can be written as, 

F = Xm (4, 6, 7, 8, 9, 11, 13, 15) + d (0, 2). 


Decimal 

Inputs 

Output 

A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

X 

1 

0 

0 

0 

1 

0 

2 

0 

0 

1 

0 

X 

3 

0 

0 _ 

1 

1 

0 

4 

0 

1 

0 

0 

1 

5 

0 

1 

0 

1 

0 

6 

0 

1 

1 

0 

1 

7 

0 

1 

1 

1 

1 

8 

1 

0 

0 

0 

1 


1 

0 

0 

1 

1 

10 

1 

0 

1 

0 

0 

11 

1 

0 

1 

1 

1 

12 

1 

1 

0 

0 

0 

13 

1 

1 

0 

1 

1 

14 

1 

1 

1 

0 

0 

15 

1 

1 

1 

1 

1 


Truth Table 22 
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Fig. Ex. 7.17 (a) 

As shown, 2 and 0 inputs are not connected as those terminals are Don't Care. 

7.3 Demultiplexer (Data Distributor) : 


Demultiplexer - Demux 



ir*'. v.v , 

i -• HlfnTlI 
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several 11 ' Up,CXer is cxaclI y reverse that of multiplexer i.c. it accepts single input and distributes it over 
(same a U j PU * S ^ lc s * n §le input should appear over which output line is decided by SELECT LINES 
distribut 3t ° f muItiplexcr )- In short, die demultiplexer takes one input data source and selectively 
is shown hf l ° 1 ° f N out Put channels just as that of multiposition switch. The functional representation 

Tile d 

relati u* ** ^ ' n P u * can he routed to a specific output based on select line combination. The 
“ P between select lines and output lines can be given by, 2 m = n. 
re m Number of select lines, n = Number of output lines. 

line wdierT^ 3 ' 0 ^ 1C ^ as ^ c conce Pt is we are going to use AND gate to pass input data to required output 
' proper address (select) line status is available i.e. If we want data to appear at Y, line select line 
Status should be (010), Lets see Fig, 7.5. 


D IN»- 


r 

i r 


i A 

t> 

-ZH 


Fig. 7.5 

when, S 0 = 0, AND1 is enabled and Y 0 = D IN , Y, = 0 
S 0 = 1, AND2 is enabled and Y 0 = 0, Y, = D IN . 


1 : 4 Demultiplexer 


-o V n 


-oY, 

Basic two 
output demux 




D in o- 




O 

o 

=E> 


Strobe / Enable 

Fig. 7.6 


-oY, 


-oYo 


-oY-i 
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j, S 0 = 01 AND 2 is enabled and so on. 


P* • ^ multiplexer, 

Depending U S ^°" S * 4 demux, S, S 0 = 00. AND1 is enabled. S 

introduced 'Strob 0/Frwi11 a PP car at Y o* Y i and so on respectively. In the circuit vve have 

output, irrcsnrr. l "r J C !cnn,naI - This is niaster control. If strobe = 0. Y 0 to Y. all will provide 'LOW' 


— — I 

_____ Input 

Output 

Enable 

s, 

So 

0 

X 

X 

Yo = Y , = Y : = Y, = 0 

1 

0 

0 

Y o = D in 

1 

0 

1 

y i = Din 

1 

1 

0 

Y 2 = D IN 

1 

1 

1 

Y 3 = Dj N 


Typical Demux chips are : 


Truth Table 1 


Chips 

Function 

74154 

1:16 Demux 

74155 

Dual 2 : 4 Demux 

74156 

Dual 2 : 4 Demux 


Soln. . We are going to use 1 : 4 demux with 'enable' terminal. Refer Fig. Ex. 7. IS (a) 

A, B. C, three variables are used, where A = MSB and C = LSB. B and C variables are given to 
select lines S, and S 0 respectively. A is directly given to lower demux and A is given to upper demux 


'D in ' of both the demux is tide together. 


D 


'in 



Select 

lines 




d in y„ 

1:4 Y i 

DEMUX Y 2 

e s, s 0 Y 3 





< 


h>o— 

• i 



1 po 


• 


A 

i 










f y 

r 


Din S ’ S ° y o 

1:4 Y i 

DEMUX Y 2 

E Y 3 













■On "\ 


-O, 




O/P 


J 7 J 


Fig. Ex. 7.18(a) 


Ex. 19 : Implement full adder using demultiplexer 
Soln. : Refer Table 2 for truth table of full adder circuit. 


(Dec. 98, 6 Marks) 
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Fig. Ex. 7.19(a) 

Sum function can be written as, 

S = f (A. B. C) = I m (1, 2, 4, 7) 

Y,, Y 2 , Y 4 and Y 7 is selected. 

For cam' 

C = f (A, B, C) = I m (3, 5, 6, 7) 

Y 3 , Y 5 , Y 6 and Y 7 are selected. 

Ex. 20 : Implement the following functions using suitable demux and* logic gates. 

Y 1 = f, (A, B,C)=Im (0, 1. 3, 5, 6), Y 2 = f 2 (A, B, C) = I m (0, 1, 2, 4, 6) 
Y 3 = f 3 (A, B, C)=Zm(1,2, 3, 6). Draw the logic diagram. 

Soln. : (1) We will use 1 : 8 demultiplexer. 

(2) Circuit diagram : 



Fig. Ex. 7.20 (a) 


« 
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^ i will be logic T whenever minterm 0, 1, 3, 5, 6 is selected. For remaining minterm O/P will be 
zero. Same way Y, will be logical T when minterm 0, 1,2, 4, 6, is selected. Y 3 will be logic T when 1, 
2 > 3, 6 is selected. 


Ex. 21 


Soln. : 


• Implement the following multiple output function using suitable Demux. 
f i (A, B, C) = X (0, 1, 3, 7) + d (2, 5), 
f 2 (A, B, C) = X m (1, 5, 7),- 
f 3 (A, B, C) = X m (0, 2, 4, 6). 



7.4 Decoder : 


A decoder is a digital logic circuit that converts N-bit binary input code into M output lines. Here each 
output line will be activated for only one of the possible combination of inputs. Fig. 7.7 shows 
generalised block schematic of decoder logic. 

The number of input lines are N and O/P lines are M. In decoder N can be any integer and M is an 
integer that is less than or equal to 2 N . M < 2 N because 2 N possible codes are there, one of the M lines will 
be activated depending upon input combination or codes. All other lines will be deactivated. Active logic 
can be LOW or HIGH, depends upon chip. 


i i 

I \ 



M 

Outputs 


Fig. 7.7 


A 


In some of the decoders all 2 N possible combinations are not used. But only certain are used. If unused 
codes are applied, none of the output will be activated. We will study this type of decoder i.c. BCD to 
decimal decoder. 

Decoder can be referred in several ways : 








mBrr^ 


.. 
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line ^° r CXdm P* c ' ^ * lnc ,0 s '* nc decoder, means it accepts three lines and gives out eight output 

1 also called as / of H decoder (or 1 : X demux) because onlv 1 O/P will be activated out of 8 
0l, tputs at a time 

also called as binary to octal decoder because it takes 3 bit binary input code and 
the eight (octal) outputs corresponding to the code. 

Comparison between Demux and Decoder : 


activates 


If \vc 


Let' 


ontparc demux and decoder then decoder doesn't have (data input) line, where demux has 

s see 2 line to 4 line decoder 



Fig. 7.8 

Compare Figs. 7.6 and 7.8. D IN is not present. Remaining circuit is as it is 


Ex. 22 : Implement the following using 4 16 decoder 
(i) F, = Im (1, 2. 4, 7, 8, 11, 12, 13) 

(li) F 2 = nm (10. 12, 13, 14) 

(in) F 3 = Xm(1, 5. 8, 10) 

Soln. : A 4 16 decoder has four select lines i.e. four variables C and D We may rew nte all the function 
as follows : 

F, = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD 
F 2 = ABCD + ABCD + ABCD + ABCD 
F 3 = ABCD + ABCD + ABCD + ABCD 

F 4 = ABCD + ABCD + ABCD 

The circuit diagram is shown in Fig. Ex. 7.22(a). 
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Y i 


Y, 


Y, 


4:16 

DECODER 


Y 0 


Y 0 


10 


11 


12 


T 13 

y 14 

Y 


15 


S 3 s 2 s 1 s 0 


■> F, 


€> 


->F. 


S> 


-*F, 


£> 


->F n 


A B C D 


Fig. Ex. 7.22(a) 


Ex. 23 : Draw a logic diagram of a 2 : 4 line decoder / demux using NOR gates only. 
Soln. : Fig. Ex. 7.23(a) shows the required circuit diagram. 



£>-=£> 


Fig. Ex. 7.23(a) 


tig. Ex. 7.23(b) 


„■ i • r> ri I * MMBK « " ! I 
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Now wc will study IC 74138 

[74138] 

74*138 ” C dCC ° dcr0R 1 of8 Dccodcr/Demultiplexcr. 

74138 ii IS m ° St W * de ^ usc< ^ ^ : 8 line decoder in microprocessor or microcomputer based system. 
Fig 79 S ^ CC ^ 1 8 decoder/demultiplexer. Let's see pin configuration, and logic symbol in 


AoE 


MX 


a jE 


E,[T 


e 2 E 


e 3 E 


°;II 


GND E 



(a) 


HVc C 

lo o 
HOi 

10 2 

10 3 

UO 4 

no 5 
n Og 

Fig. 7.9 



A 0 A t A 2 E 


Oq 0-j O 2 Og 0 4 Og Og Oy 

T7TTTTTT 

15 14 13 12 11 10 9 7 

V CC = PIN 16 

GND = PIN 8 

(b) 


Pin Names and Description 


Pin Names 

Description 

S' 

< 1 

1 

0 

< 1 

•Address inputs (Select lines) 

Ei-E 2 

Enable inputs (Active Low) 

E 3 

Enable Input (Active HIGH) 

“ ^7 

Outputs (Active Low) 


Table 7.2 


74138 chip is 16 pin chip with A 0 - A 2 select lines to select required output line to be active. 
E, to E 2 , two inputs arc active low enable inputs. Make E, = E 2 = 0 to enable the chip. E, is Active 

HIGH enable input. Make E 2 — 1 to enable the chip. Finally O 0 = 0 7 are, eight active low outputs present. 
Features : 

(1) Schottky process for high speed. 

(2) Demultiplexing capability. 

(3) Multiple input enable for easy expansion. 

(4) Active LOW mutually exclusive outputs. 

To understand the working of functional diagram, let’s see tiuth table of the chip. 
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24 : Design full adder using decoder logic. 
Soln. : We have already studied full adder truth table. 






7.5 ALU (Arithmetic Logic Unit) : [ASKED IN EXAM : Dec 96, May 97] 

Arithmetic logic unit is very powerful device, able to perform different arithmetic and logical 
functions. Basically ALU is the heart of central processing unit (CPU) of the computer. It is capability of 
ALU which allows you to perfom different functions. 

We arc going to first study popular and most widely used IC 74181. The Fig. 7.10 shows pin 
configuration of IC 74 1 8 1 . 



I 


{ t 





j 

j 

\ 


i 

t 

■ 


i i 


1 ! ;■* 


•>n- 
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Let's see description of pin configuration. 


Pin Names 

v/l pill CV/IU l^lllllUWII. 

Description 

A 0 - A 3 

Operand Inputs (Active LOW) 

B o-B, 

Operand Inputs (Active LOW) 

S 0 ~ S 3 

Function Select Inputs 

M 

Mode Control Input 

c n 

Carry Input 

Fo~F 3 

Function Outputs (Active LOW) 

A = B 

Comparator Output 

G 

Cany Generate Output (Active LOW) 

P 

Carry Propagate Output (Active LOW) 

+ 4 

Cany Output 


Table 7.4 


Dual-in-line package 



Basically 74181 is 4 bit ALU which can perform all the possible 16 logic operations on two varibales 
and a variety of arithmetic operations. 

Features of the chip are : 

- Provides 16 arithmetic operations, add, subtract, compare, double, plus twelve other arithmetic 
functions. 

- Provides all 16 logic operations of two variables. Exclusive - OR, compare, AND, NAND, OR, 
NOR, plus ten other logic operations. 

- Full lookahead for high speed arithmetic operation on long word. 


Functional Description : 

The 74181 is a 4 bit high speed parallel arithmetic logic unit (ALU). Controlled by the four function 
select inputs (S 0 - S 3 ) and mode control input M, it can perform all the 10 possible logic operations or 16 

different arithmetic operations on active HIGH or active LOW operands. The Fig 7. 1 1 shows logic 
symbols for active high and active low operands 

If you compare Figs. 7.11 (a) and (b), you will find that bubbles (shows inversion) have been 
introduced of input operand A 0 - A 3 and B 0 - B } as well as at G and P The bubble has been removed 
from C and C + ,. The function table shows all the operations : 
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Active high operands Active low operands 



Function Table 



Mode Select Inputs 


Active LOW Operands 
and F Outputs 

Active HIGH Operands 
and F Outputs 

S 3 

s 2 

s, 

So 

Logic 
(M = H) 

Arithmetic 
(M = L) (C n = L) 

Logic 
(M = H) 

Arithmetic 
(M = L) (C n = H) 

L 

L 

L 

L 

A 

A minus 1 

A 

A 

L 

L 

L 

H 

AB 

AB minus 1 

A + B 

A + B 

L 

L 

H 

L 

A + B 

AB minus 1 

AB 

A + B 

L 

L 

H 

H 

Logic 1 

minus 1 

Logic 0 

1 

minus 1 

L 

H 

L 

L 

A + B 

A plus (A + B) 

AB 

A plus AB 

. L 

H 

L 

H 

B 

AB plus (A + B) 

B 

(A + B) phis AB 

L 

H 

H 

L 

A © B 

A minus B - 1 

A© B 

minus 1 

L 

H 

H 

H 

A + B 

A + B 

AB 

AB minus 1 

H 

L 

L 

L 

AB 

A plus (A + B) 

A + B 

A plus AB 

H 

L 

L 

H 

A© B 

A plus B 

A© B 

A plus B 

H 

L 

H 

L 

B 

AB plus (A + B) 

B 

(A + B) phis AB 

H 

L 

H 

H 

A + B 

A + B 

AB 

AB minus 1 

H 

H 

L 

L 

Logic 0 

A plus A* 

Logic 1 

A plus A* 

H 

H 

L 

H 

AB 

AB plus A 

A + B 

(A + B) plus A 

H 

H 

H 

L 

AB 

AB minus A 

A + B 

(A + B) phis A 

H 

H 

H 

H 

A 

A 

A 

A minus 1 

•Each bit is shifted to the next move significant position. 


• 


Table 7.5 
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As shown in Thble 7,5, when mode control input (M) is HIGH, nil internal carries .ire inhibited and 
1 tX ' tC Promts logical operations on individual bits as listed, 

When mode control input is LOW, the carries arc enabled and the device performs arithmetic 
0 c U>,LS ° n ,U0 ** nun, bcr. "Hie Table 7,5 shows C n ~ 0 when M ~ 0 (active low operands) and M 
n ^ (Active high operands). Now we will see what will be the change when C n - 0 when H =» 0 

— -.ve HIGH), The table is si Kn vn in Fig. 7. 1 1(A), 

Section 


S J S 2 s, s 0 


Active High Data 


0 

0 

0 

0 

0 

0 

0 


ooo 
0 0 1 

0 1 o 

0 1 

1 0 1 

1 0 0 

1 1 0 


1 1 
0 0 


1 

0 


0 0 
0 1 


0 

1 1 
0 0 


1 0 1 


1 1 
1 1 


0 

I 


F 

F 

F 

F 


M = 1 Logic 

M = 0 Arithmetic Operations 

Functions 

c„ = i 

v c„ = o 

II 

1 >' 

F = A 

F = A PLUS 1 

F = A + B 

F = A + B 

F = (A + B) PLUS 1 

F = AB 

F = A + B 

F = (A + B) PLUS 1 

F = 0 

F = MINUS 1 . 

F = ZERO 

F = B 

F = (A + B) PLUS AB 

F = (A+B) PLUS AB PLUS 1 

F = AB~ 

F = APLUSAB 

F = A PLUS AB PLUS 1 

F = A ©B 

F = A MINUS B 

F- = A MINUS B 


MINUS 1 


7 = AB 

F = A- B MINUS 1 

■9 

ll 

U-. 

7 = A + B 

F = APLUSAB 

F = A PLUS AB PLUS 1 

: = A ©B 

F = A PLUS B 

F = A PLUS B PLUS 1 

= B 

F = (A + B) PLUS AB 

F = (A + B) PLUS AB PLUS 1 

= AB 

F = AB MINUS 1 

F = AB 

= 1 

F = A PLUS A 

F = A PLUS A PLUS 1 

= A + B 

F = (A + B) PLUS A 

F = (A + B) PLUS A PLUS 1 

= A + B 

F = (A + B) PLUS A 

F = (A + B) PLUS A PLUS 1 

= A 

F = A MINUS 1 

< 

II 

lu 


Fig. 7.11(A) 


Basically carry' in and carry out lines are provided for cascading ’N* number of 74181 The device 
provides full internal carry lookahead and provides for either ripple cany between devices using C n + 4 

output, or for cany lookaltead between packages using signal P (cany propagate) and G (cany generate). 

When speed requirements are not stringent, it can be used in simple ripple cany- mode by connecting 
cany out (C n + 4 ) signal to carry input (C n ) of live next unit. To understand this we will see one example. 
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• Design 8 bit ALU circuit using 74181. 
n - • The example asks for cascading IC 74181. The Fig. Ex. 7.25 (a) is as follows. 


X 7 *6 X s X 4 Y 7 Y 6 Y 5 Y 4 m i/p X 3 X 2 X, X 0 Y 3 Y 2 Y, Y 0 




S 0 ~ S3 


4 bit 


A 3 A 2 a i A 0 B 3 B 2 B, B 0 




'n+4 


74181. 


M 

C„ 


Carry 


F 3 F 2 f i F 0 p g 

r~ 


1 


^7 ^6 ^5 ^4 
v 


a 3 a 2 a, a 0 b 3 

M 

b 2 b, b 0 

74181. 

c„ rf 

C n 

F 3 F 2 F 1 F 0 

P G 


NC NC 


Z 3 Z 2 Z, Zq NCNC 


Output 

Fig. Ex. 7.25(a) 


( As shown ,,10dc > control (M) and select inputs (S 3 - S 0 ) lines are tied together commonly, so both 
IC's operates in same mode. Input operand 1 = X 7 - X 0 and operand 2 = Y 7 - Y 0 arc connected to A, A, 
A, A 0 and B 3 B : B, B 0 of two 74181, respectively C n of 74181, is ground. C n + 4 of 74181, is connected 
to 7418 1 2 i.c. carry of one stage propagated to next stage. The final cany output C n + 4 is generated from 
74 1 8 1 2 . Now apply operand 1 and 2. Select required function and take output. 


P (carry propagate) and G (carry generate) outputs : In the ADD mode, P indicates that output 
(F 3 - F 0 ) is 15 or more, while G indicates that F 3 - F 0 output is 16 or more. In the subtract mode, P 
indicates F is /cro or less, while G indicates that F is less than zero. 

P and Q are not affected by cam-. When high speed operation is required 74181 is used with 9342 
(carry lookahead generator). Four 74181 device can be interfaced to single 9342. 


(A = B) output line : 

Case I : (A = B) output goes HIGH when all output F, - F 0 arc HIGH. 


Case II : (A = B) output is HIGH to indicate logic equivalence over four bits when the circuit is in 
subtract mode. (A = B) output is open collector and can be WIRED AND with other A = B 

output of 74181 to give comparision for more than 4 bits. The A = B signal can be used with 
C n44 signal to indicate A>Bor A<B. 

Ex. 26 : Find the expression for F ( - and Cj + , in terms of A j( Bj and Cj for the circuit of simple AU 
shown in Fig. Ex. 7.26. M = mode control and and S 2 are function select bits. 
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Soln. : 


F 


C,, 



Fig. Ex. 7.26(a) 


S, B ( 0 | S 0 © A, + M C, j 

MC, (S 0 © A,) + S,B, | (MC,) © S, © A, | 


7.6 Encoders : 


in decoder N-bit input code produces HIGH (or LOW) at the output at only one output line In short, 
decoder rccogni/cs an input code and accordingly responds 


M-riumbar ol 
input llnoft 



N bit O/P 
code 


Fig. 7.12 

Tlic encoder perforins exactly reverse operation, (lie operation is called as encoding and digital circuit 
built to perforin tin* operation is called as on encoder, An encoder has M input lines and N output lines 
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hi" 1 ^ ' n * )nl * lncs on*y one is activated ;it ;i time and h produces equivalent code on output N lines. The 


i imiv- 13 < I c* I « 1 1 v. 1 1 

1 0ck schematic is ns shown in Fig 7.12. 


1 or example, sup|X)sc we have octal to binary encoder, then input lines will be X and 3 O/P lines Out 

i uhf i:.._ . .. J 


• i i — ”v ...itw vsvmii i \j uilldly UIIOUULI, UIUII 1 1 \>iu ww /mu ’ mi i Uo . v;ui 

iim C1 ^c *' n ° ° n, ' V ° nC " * ,c nc, 'vntcd at a time and we j»ct 1 bit output code corresponding to activated 
ut. bay Tor e g. input lines are I 0 - l 7 and output lines are Q, - Q 0 . If I, = U 0 - 1 . * I, - I, = I, = l,, 
7 - <> then Q, Q, Q 0 ((mi), , where (001), = (1) )0 . 

Same way if I 6 = 1 then Q, Q, Q 0 - ( | it)),. 




Tjjc_tmth table can be shown as i n t .,i.i,. 7 4 



In 

)Ut 

Output 

In 

*. 

•z 

'3 

>4 

1, 

K 

1- 

/ 

0: 

Q. 

Q„ 

1 

0 

0 

0 

() 

0 

0 

0 

0 

0 

0 

0 

1 

0 

() 

0 

() 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

() 

0 

() 

1 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

I 1 

l 


Table 7.6 : Tnith Table 


Now here you may ask question that if two or more inputs arc held HIGH at the sametime, how the 
circuit will behave ? Here answer is il two or more lines arc held HIGH at a time, depending upon line, 
combination, O/P will appear. 

For example, suppose we make I, and I 4 HIGH. Because of I, , Q, Q () = 010 and because of 1 4 . Q, 
Q, Q 0 = 100 

Final O/P is 010 + ()()() -> 110 

i 

logical OR 

But. this output is not expected. The remedy over this problem is priority encoders. 

7.6.1 Priority Encoders : 


Jn previous ease we saw that when two or more lines are activated, the output code you get is invalid. 
Therefore we liavc to modify the circuit. The modification is such that we have to define the priority of the 
given number. It means that whenever two ore more inputs are applied at a time, internal hardware will 
check this condition and if the 'priority' is set such that higher-numbered input should be taken into 
account and remaining are considered as don't care then output code which will appear will be of higher 
numbered input. For example, say I, to I 6 both arc activated at a time, then l,, code will appear at Q, Q t 
Q () because 6 is greater than 2. 


Available encoders in chip form are. 


74147 

10:4 priority encoder 

74148 

Octal to binary priority encoder 
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Digital 

In 74147 is basically decimal to BCD priority encoder. The logic symbol and truth tabic for 74147 is 
shown in Fig. 7 1 1 



>A(LSB) A 

Inverted 

>C > BCD 
»D (MSB) 


j output 


" 8 " 

c- 

B- 

GND- 


TZ7" 


74147 


16 

15 

14 

13 

12 

11 

10 

9 


'CC 


N C 

D 


7.13 (b) 


A, 

a 2 

— 


Inputs 



Outputs 

(Inverted BCD) 

Normal BCD 

A 3 

A4 

A s 


A 7 

A* 

A 9 

D 

c 

B 

A 

D 

C 

B 

-1 

A 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

X 

X 1 

X 

X 

X 

X 

X 

X 

0 

0 

1 


0 

1 

0 

0 

1 

X 

X I 

X 

X 

X 

X 

X 

0 

1 

0 

1 

1 

1 

1 

0 

1) 

0 

X 

x 1 

X 

X 

X 

X 

0 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

X 

X 1 

X 

X 

X 

0 

1 

1 

1 

1 

0 

0 

1 

0 

1 

1 

0 

X 

X ! 

X 

X 

0 

1 

1 

1 

1 

1 

0 

1 

0 


1 

0 

1 

X 

X 

X 

0 

1 

1 

1 

1 

1 

1 

0 

1 

I 

0 

•1 

0 

0 

X 

X 

0 

1 

1 


1 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

X 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

1 

0 

0 

1 

0 

0 

1 j 

1 

1 

1 

1 

1 

1 

1 

1 

1 

__ 1 _ 

0 

1) 

0 

1L_ 

1 


Fig. 7.13(c) 


From truth tabic we conclude that all nine inputs are ACTIVE LOW representing decimal digit from 1 
to 9. In response to input, chip produces inverted BCD code corresponding to highest numbered ACTIVE 
INPUT. 

Here you may ask what about '()' decimal ? The answer is when all inputs are held high, output 
6 C B A = 1 1 1 1 i e. DCBA = (00(>0) 2 = (0) 10 . 

The tabic also shows normal BCD count, which is inversion of output of the chip. Let's say A 9 = 0, 

then remaining all lines are treated as 'don't care' and chip produces 6 C B A = 01 10 i.c. DCBA = (1001)^ 

= (9), 0 . Same way you go on making A„ - A, line low and check the output. 

The 74147 produces NORMALLY HIGH when none of the inputs are activated. 
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~~~ — ^ grnples from University Papers : 

** ca *' sc : 1 multiplexer using NAND gates. (May 96, May 97, Dee. 97, 6 Marks) 

Ans. . As M is 4 1 multiplexer it has 4 input lines and one output. 

As 4 input lines arc there, it will have two select lines (S t . S„) = m 

No. of input lines n = 2 m 
= 2 2 
= 4 

In this circuit vve have introduced one more terminal i.e. E. E stands for 'enable' This pin is master 
control to cnablc/disable multiplexer. 

E = 1 — > enabled ; E = 0 — » disabled. 

The truth table for 4 : 1 MUX is as follows : 


Inputs 

Output 

Enable 

Select Inputs 

E 

s, 

So 

0 

X 

X 

0 

1 

0 

0 

D« 

1 

0 

1 

D. 

1 

1 

0 

d 2 

1 

1 

1 

d 3 


Table 1 



Output equation Y is given as, 

Y = E D 0 Sj S 0 + E Dj Sj S 0 + E D 2 S I S 0 + E D-. S,S () .( 

From above equation we have to design the circuit using NAND gates. 

Simplifying output equation 

Y = E D 0 S| S 0 + ED,S, Sq 4- E Dj Sj Sy + E D-j SjSy 

As A = A 

Using Demorgan theorem, 

A + B = A B 


Y = E D 0 S, S 0 • E D, S, S 0 ■ E Dj S, S„ • E D } S, S 0 
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Diagrammatic representation of 4 : 1 MUX using NANI) gates : 



2. Realise I : 4 demultiplexer using NANO gates. (Dec. 96, 6 Marks) 

Ans. : As it is 1 : 4 Demux, it has one input and four output lines. 

As it has four output lines, so there will be two select lines (Sj, S 0 ). 

Depending upon select lines, output will appear at Y 0 , Y,. and so on respectively. In the circuit we 
have introduced strobe/cnable terminal. This is master control. If strobe = 0. Y u to Y, all will provide 
low output, irrespective of D IN and S,, S 0 . 

Truth table for 1 : 4 Demux is as follows : 


Input 

Output 

Enable 

s, 

So 

0 

X 

X 

Y u = Y, = Y : --- Y 3 = 0 

1 

0 

0 

Vo = S,S 0 D lN 

1 

0 

1 

Y, = S,S 0 D 1X 

1 

1 

0 

y 2 -- S|S 0 D lN 

1 ! 

I 

1 

V) = S,S 0 D in 


Table 2 


Scanned by CamScanner 


Digital 


7-41 


M ultiplexer, Demultiplexer, ALU, JEncoder Decoder 


't o = S | s 0 d in e 

AM 

Y, = S,S 0 D, n , E 

(2) 

^2 s,s 0 d, n , e 

. (3) 

y i = S,S 0 D lN E 

■ • (4) 

Now Equation (I) can be written as. 

(As A — A) 

• ••(a) 

Similarly Equations (2). (3) and (4) can be written as. 

Yj S]S 0 D in E 

...(b) 

Y 2 = s,s () d in ,e 

...(c) 

Y 1 “ ^l^O^lN E 

■ (d) 


Fig. Q 7.2(a) shows NOT gate is equivalent to single input 
NAND gale. 

Now using Equations (a), (b), (c), (d) \vc can implement 1 : 4 
Demux using NAND gates. 



Diagrammatic representation of 1 : 4 Demux : 
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3. Write short note on : Arithmetic logic unit. 

Aon.: Refer Section 7.5. 


(Dec. 96, May 97, 6 Marks) 


4. 


What is (he functional difference between 


'demultiplexer' and a 'decoder' ? 


Ans.: Refer Section 7.4. 


(May 98, 3 Marks) 


5 . 


Hie following two functions are to he realised using 1 
outputs. 


: 8 demultiplexer having 'active low' 


f, = 7CM(1, 3. 7) 

f 2 = tcM( 3. 4. 5) (May 98, 8 Marks) 

hich gate you will use if conversion SOP form is not allowed? Show realisation diagram 
and explain your logic. 

Ans.. As the two functions fj and f 2 gives the product of maxterms, so the output will be in POS 


form. 

First write down truth table for the above functions. The functions are to be realised using l : 8 
Demux having 'active low' outputs, so output is zero for given maxterms. 


Inputs 

Outputs 

A 

B 

c 

U 

*2 

0 

0 

0 

i 

1 

0 

0 

1 

0 

1 

0 

1 

0 

l 

1 

0 

1 

1 

0 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 


Table 3 


As conversion of POS to SOP form is not allowed. So we will use AND gates for the outputs of both 
the functions. 

For function f, : The product of maxterms 1, 3, 7 gives active low output ('O' output). As output of 
AND gate is zero if any one of the inputs is zero. So we are using AND gates to get active low outputs. 

Now we have to implement above two functions using 1 : 8 Demux. A. B, C are select lines for 1 : 8 
Demux, so outputs will be Y 0 to Y 7 . 
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Diagrammatic Representation of f, and f 2 : 



Select 

lines 


Fig. Q. 7.5 


6. Y = A + B + C. Realise using a multiplexer. 
Ans. : First vve will draw K-map for the above equation, 


A 
A 0 

A 1 


BC 

BC 

BC 

BC 

00 

01 

11 

10 

1 

0 

1 

1 

0 

1 

3 

2 

1 

1 

1 

1 

4 

5 

7 

6 


(Dec. 98, 6 Marks) 


From K-inap we can write the truth table for above function. 


A 

B 

c 

Output Y 

Input to MUX 

0 

0 

0 

1 

Do 

0 

0 

1 

0 

Di 

0 

1 

0 

1 

d 2 

0 

1 

1 

1 

d 3 

1 

0 

0 

1 

d 4 

1 

0 

1 

1 

d 5 

1 

1 

0 

1 

d 6 

1 

1 

1 

1 

d 7 


Table 4 
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llicic ,irc three select lines A. 13. C therefore inputs to a multiplexer will he 2* X So v\e will 
k ■ ' "WllipIcNCr for lire f„„ cno „ 

Y = A -i B + C 

Diagiammatic representation of equation using 8 : 1 MUX : 

o Logic 1 




D 0 


Di 


d 2 


d 3 

1 : 8 

D 4 

Demux 

D 5 


D 6 


D 7 

s 2 

s i s 0 


m 


-oY 


B 


Fig. Q. 7.6 

7. Realise following function using 2 : 1 Mux : 

V = AB, with B as the select input. 

Ans.: Y = AB means output is logic 1 only when A = 1, B = 1. (3) 10 , for all other combinations 
output is zero. 

Therefore, design Table 5. 


Input 

D„ 


A 

0 

1 

A 

2 

<D 

Final input to MUX 

0 

A 


Table 5 


Here as B is the select input therefore inputs to multiplexer arc 2 1 = 2 
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Diagrammatic representation of Y = AB using 2 : 1 MUX : 



8. Realize a 2-bit comparator to compare two 2-bit numbers, using appropriate demultiplexer 
with active high outputs and additional gates. (June 99, 8 Marks) 


Ans. : We have to design 2-bit comparator which compares two 2-bit numbers. 

Let one number is AjA 0 and another is B]B 0 . Therefore the truth table contains 4 variables so there 
will be 16 output lines. 

\ 

The output of 2-bit comparator will be of 3 types. j‘ • 

If A = A,A 0 andB = BjB 0 

Therefore outputs will be (i) A > B (ii) A = B (iii) A < B. 

Truth table for 2— bit comparator is as follows : 


Inputs 

Outputs 

A, 

\) 

B, 

Bo 

A > B 

A = B 

A < B 

0 

0 

0 

0 1 

0 

l 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

t) 

1 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

l 

1 

0 

0 

l 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

t) 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

0 

1 

t) 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

1 

1 

0 

1 

0 


Truth Table 6 
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fhnr JT' , U ) C UC 10 ^ cs '^ n ~ bit comparator using Demultiplexer with active high outputs. As there ; 
,0Ur ScIccl l,,lcs A,A () B,B 0> output lines am 2 m = n. 


Multiplexer, Demultiplexer. ALU. Encoder D ecode r 

ire 


2 ‘ 


4 _ 


16 


Therefore demultiplexer we arc using is 1 : 16 Demultiplexer. 

S ^ cnu, biplc.\cr uses active high outputs so we will consider logic l's only 
Diagrammatic representation of 2-hit comparator 


V 

Select lines 



Fig. Q.7.8 


9. Implement an even parity checker for a 4-bit data, using 8 : 1 MUX and inverters. 

(June 99, H Marks) 

Ans. : TItc parity bit can be either 0 or 1 depending upon number of Vs contained in the code group. 
Ait even parity checker checks the number of l's in the data and gives the output of number of l’s arc even 
then parity bit gives zero as the output. 

The truth table for 4 bit even parity checker is as follows (Refer Table 8) : 

As there are eight input pins therefore we will use 8 : 1 MUX. 

Diagrammatic representation of 4-bit even parity checker is as shown in Fig. Q.7.9. 

A, B, C are select lines. 

Bit D is LSB. 

Observing bit D and output P c we have written function. 
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Connect D 0 , D 3 , D 5 and D 6 are connected to LSB bit D and D, , D 2 . D 4 and D 7 arc connected to D 
using inverter. 



Fig. Q.7.9 


JO. Realize a full adder using appropriate demultiplexer and additional gates. Explain. 

(Dec.')N, 6 Murks) 

A ns.: Refer Ex. 19, Page. 7.26. 

□ □□ 
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Syllabus : 

Ftip-ilop s. SR, clocked SR, JK, D, T, MS-JK, 


Name of the Topic 

Section 

number 

Theory 

Problems * 

e Terminologies used in sequential system 

8.2 

✓ 

— 

* NOR gate latch 

8.3 



• DFF (Delay Flip-Flop) 

8.4 



• Flip-Flop timings 

8.5 

✓ 

— 

• JK Flip-Flop 

8.6 


— 

® Master Slave JKFF 

8.7 

v' 

— 

• T Flip-Flop 

8.8 


— 

• Conversion from one type of 

FF to another. 

8.9 

— 

✓ I 

Applications of Flip-Flops 

8.10 


^ A 



Comment 

• Very very very important chapter. 

• Base chapter for counter design. 

• Base chapter for Analysis and synthesis of sequential circuits. 

• Concentrate on full chapter very corectly. 
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Introduction : 


Flip-Flop 


circuUs^ Th^ 115 C ^ a ^ tcrs “ " c ^ avc directed our studies towards analysis and design of combinational digital 
input tc ? Ut <? Ut com ^' n ational circuit at any instant of time, depends upon levels present at the 

-. Secondly, any prior input level condition have no effect on present outputs because 

But ins'* circu * 1 memory less. [It cannot memorize previous states], 

unde . SCf l ucnl ial circuit, timing parameter is coming into picture and output levels arc sequential. To 
brush an( 1,1 Cl,Cr manncr ^ cl s anaI ysc it taking example of normal life. i.e. you wake up in the morning, 
seaue ' ^rcakfnst. attend college and so on. Your each and every activity is performed 

vou ^ ^ ' ^ US ^ should follow a particular defined sequence. Why I say defined sequence, because 
u are not going to brush lire teeth first and then going to wake up. In short, next activity depends upon 
prc\ rous activity. Being human you can remember the sequence. But what about digital circuit ?. So now 
" C nrc S 01n S 1° study different memory element in this chapter. 

Fig- 8. 1 shows, combination of memory element Combinational O/P 
and combinational logic circ/iit. The combinational 
portion accepts logic signals from external inputs and 
from the present outputs of the memory elements. 

(Pr esent outputs of mem ory element is referred as 
present st ate'). Th e combinational circuit operates on 
These inputs to produce various new outputs. Some of 
the new outputs are stored in memory element, referred 
to as next state. 

fh sequential logic circuit most important part 
seems to be memory element. The memory' element is 
.called Flip-Flop (abbreviated as FF)ln this chapter we 

Oro flAinn f rluzlxr fnll mirinn PIiia flnrtr * 


A A 


Memory O/P 

A 


Combinational 
logic gates 

T 


1 



Memory 

V 

w 

w 




Inputs 


Fig. 


8.1 


Clock 

_nJTTL 


1. SR FF (Set Reset Flip - Flop) 

2. D 

FF 

(Delay Flip - Flop) 

3. JK. FF 

5. Master Slave JK FF (M/S JK Flip - Flop) 

4. T 

FF 

(Toggle Flip - Flop) 


FF is also called as latch because it holds or latches contents of previous level of signal. 

8.2 Terminologies used in Sequential System : 


Before we start study of sequential system, it is necessary to introduce few new terminologies, to 
describe sequential systems more easily. 

8.2.1 CLOCK (CLK) - A Timing Signal : 

Timing Signal : 

The main kev control in synchronous sequential circuit is clock signal. 

Characteristic of Clock : 

CLK. has a regular waveform that repeats once even T seconds, where T is the clock period or 
cycle. 

Normally CLK lias 50% duty cycle. Therefore, ratio T j/T is around 0.5. 
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Triggering edge 


of flip-flops 

« T — 

— ► 



\ 

Clock CLK ^ 

* — T 0 — tj 

Ti 

4 - 

_n . 


Cycle i-1 i 

Cycle 1 

! Cycle i + 1 • Cycle i + 2 | 


Flip-Flop 


(a) 


High level Low level 



Rising edge Falling edge 
(Positive edge) (Negative edge) 


(b) 


Fig. 8.2 : CLOCK signal and CLOCK edges 

- During each CLK period. CLK exhibits positive edge and a negative edge. Either of the edge 
changes state of the circuit. 

Normally it is convenient to design CLK such that it begins at one triggering edge and ending at 
the next. In Fig. 8.2, it is shown that clock cycle begins and ends at negative (falling) edge of the 
CLK. 

Here question comes, why we name it, as positive and negative edge ? 

Friends, recall differentiator circuit and try to answer what will be the output of the differentiator 
when CLK input is given. Answer is graphically represented in Fig. 8.3. 



Fig. 8.3 


8.2.2 State : 

State represents what is stored in memory. It is stored in binary devices. 
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8-4 


Behaviour of sequential circuit is defined by the relationship between its input and output signals. In 
combinational circuit, we use to prepare truth table. But in sequential circuit, if w e describe behaviour of 
it. we have to list all possible input/output sequences that can be applied to I he circuit. Because there is an 
infinite number of such sequences and sequence can be of arbitrary length. Such an explicit truth table like 
listing is impractical, even for simple circuit. 

To deal with this infinity of input/outpul sequences, we observe that number of combinations of 
primary input and internal state values is finite. 

Lets say if we have. n > Input variables X 

p » State variables V 

then 2 n P > Number of different X. Y combinations. 


1 lie time sequence of input, output and flip Hop stales ina\ be enumerated m a stale table. (Actually 
switching circuit theory books call this table a transition table). 

The generalised format for slate table is shown in Fig. 8.4. 


Previous 

state 

Next state 

Output 

X 

= 0 

X = 

1 

x = 0 


x = 1 

A B 

A 

B 

A 

B 

V 


y 

0 0 

0 

0 

0 

1 

0 


0 

0 1 

1 

1 

0 

1 

0 


0 

1 0 

1 

0 ' 

0 

0 

0 


1 

1 1 

1 

0 

1 

1 

0 


0 


Fig. 8.4 : Generalised format for state table 


Note : (1) A and B, are state variables. 

(2) x is input variable 
(3 ) y is single output. 


State table consists of : 

(1) Present State 

(2) Next Slate 


(3) Output. 


Present state : It designates the stales of flip flop before the occurrence of a clock pulse. 
Next state : It designates the states of flip flop after occurence of clock pulse. 
Output : This section lists out values of output variables during the present state. 


Both the next state and output sections have two columns, one for x = 0 and the other for x = 1. The 
derivation of the state table starts from an assumed initial slate. The initial state for most practical 
sequential circuits assumed to be o’s. because of power ON reset. It is also possible to have slate other than 
'O'. But it depends upon sequential circuit Normally, slate table contains all the circuit's input/output 
sequences in implicit and finite form. 
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0-0 


rams 


Flip-Flop 


The informaUM available in state table may 


J (n) ' 


X/y 


-> Q, 


(n+1) 


bo nvnr. , **»uiuk: in suite tat 

represented graphically in state diagram. 

Internal stale is represented bv a node or 0 
a circle. ' 4 | 

Arrows between the nodes define state I 

transition. Present state Next state 

Each state transition arrow is labeled F ' R * 8 ’ 5 

'ith primary input and output signals associated with the trr 
same is X/y. 

X / v 


> Primary input 
►Output 


transition. Normal way of writing the 


> 

* 




Output during present state 


(Input va 

lue that causes the state transition (primary input). | 


Slash serve to separate input from output. 

Let's refer Fig. 8.6 as an example for state diagram 



(a) State diagram (An example) 



0/0 

5 1 = binary state 0 0 

5 2 = binary state 0 1 

5 3 = binary state 1 0 

5 4 = binary state 1 1 


Important Points : 

(a) Directed line from state 00 (Sj) to state 01 (S 2 ) is labeled 1/0. It means that sequential circuit is 
in a present state 00 (S,). While input is T and output state is 'O', on the termination of next 
clock pulse, circuit goes to next state 01 (S 2 ). 

(b) A directed line connecting to a circle itself, indicates no change in the state of the sequential 
circuit, for that particular input. 

(c) The arrow marked RESET indicates that the state it enters is the circuit’s initial or reset state. 
Because it is an asynchronous signal and may be applied in any state, RESET is drawn coming 
from nowhere in particular. 

(d) One can have multiple inputs and multiple outputs. 
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8-6 Flip-Flop 

1 here must be one path from each stale for each possible input combination. 

Sometimes, the same next stale is reached for both input combinations. It means that irrespective 
01 ' n P u h for next clock, simply change the state. In such situation input will be don't care 
Pig. 8.7 depicts the same. 


r i/o ! 

!_2{9_r — ►X/O 



X = don’t care 


* 


Fig. 8.7 : Don't care condition in state diagram 

(g) Sometimes, user doesn't require any output. In such case, output will be don't care. 

(h) If input variablc(s) and outpul(s) ; both arc don't care ( X ), circuit will simply switch over from 
one slate to another, after each clock transition. 

Note : This type of sequential circuit, which simply switches over to next state irrespective of inputs), 
* is nothing but a counter circuit. The same we will study in next chapter. 


8.2.5 State Equation : 


Note : Basically there is no difference between state diagram and state table, except, manner of 
representation. The state table is easier to derive from given logic diagram and the state 
diagram follows directly from a state table. State diagram is sometime used as initial design 
specification of a sequential circuit. As state diagram is graphical presentation, it provides 
| suitability for human interpretation of the circuit operation. 

State equation describes ‘conditions for flip flop state transition in algebraic form. The left side of the 
equation denotes next state of the flip flop. The R.H.S. part of equation defines boolean function that 
specifics the present state conditions that make the next state equal to 1. For example, 

A(n+1) = (AB + AB + AB) x + ABx ...(1) 

5 

Next state Present state and inputs 

State equation is also referred as application equation. 

Normally state equation is derived from state table. If you observe Equation (1). you can conclude that 
stale equation is similar in form to flip flop characteristic equation, only difference is state expression 
defines next state in terms of external input variables and other flip flop values. Secondly, state equation is 
boolean function with time included. Next state depends upon R.H.S. part of state equation. 

If RHS part is equal to ’O' and clock is given, next state = 0. 
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Flip-Flop 


If RHS part is equal to T and clock is given, next state = 1. 

There are always two phases of operation i.c. Analysis and Synthesis. In analysis, we find state table, 
state diagram for a given sequential circuit ; whereas in synthesis, for a given statement or state diagram, 
we design sequential circuit. 

NOR Gate Latch : TS - R Flip-Flop ] : 


Now we will analyse latch using NOR gate. 


0 



s 

R 

Qn + t 

Qn+ 1 

0 

0 

NC(Q n ) 

NC (Q„) 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

RACE 

RACE 


-> Reset 
— ^ Set 
1 


Fig. 8.8(b) : Truth Table 


Note : Q n = Previous state ; Q n+1 = Next state. 


Refer Truth table of NOR gate as well as Fig. 8.8(a). 
Working : 

Case I : (i) S = R = 0. Previous state of Q = 0 and Q = 1. 

\\ Input to NOR1 is R = 0, Q = I. 

.*. Input to NOR2 is S = 0, Q = 0. 

So w! conclude that output docs not change. 

(ii) S = R = 0. Previous state of Q = 1, Q = 0 

.*. Input to NOR1 is R = 0, Q = 0. 

/. Input to NOR2 is S = 0, Q = 1. 


Q = 0. 
Q=l. 


Q=1 

Q = 0, Again no change in output 


Conclusion : .When S = R = 0, Next state (Q n + ,) = Previous state (Q n ),| 

Case II : (i) S = 0, R = 1, Q n = I, Q n _ 0 

... Input to NOR1 is R = 1 , Q n = 0, means Q will change from 1 to 0. .-. Q n M = 0. 

Now input to NOR2 is S = ,0', Q„ + , = 0, Q n will change from 0 to 1. .\ Q n M = l. 
Again go tlirough the chaiir^ 

Now, Input to NOR1 is R ~ 1, Q n ~ Q n + 1 ” 

Input to NOR2 is S = 0, Q n+ j* = 0, .*. Q n+ , = 1. means circuit reached to stable state, 
(ii) S = 0, R = 1, Q n = 0, Q n = 1. 

As seen in above case Q n = 0, Q n = 1 is stable state when S = 0, R = 1. 
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Q. ♦ ■ = o. Q. . i * i 

Conclusion : When S = 0. R = 1 . irrespective of previous state. Q n «. ] = 0. Q n , , = 1 . This 
state is 'RESET state of circuit. 

Case III : 


<‘> s = l .R = 0. Q„ = 0.Q„ = 1 


Input to NOR1 is R = 

0. 

Q 

= 1 ; 

produces Q = 0. 

Input to NOR2 is S = 

1. 

Q 

= 0. 


Q will change from 1 

to 0. 


Qn + 

II 

O 

II 

O' 

Input to NOR1 is R = 

: o. 

Q 

= 0. 


Q will change from 0 

to 1. 


Qn + 

. = i = Q 


Now input to NOR 2 is S = 1 and Q = 1. Q = 0. 

Input to NOR 1 is R = 0. Q = 0. Q = 1. 

Means circuit reached to stable state. Q n+ , = I, Q n + , = 0. 

(ii) S = 1. R = 0, Q n = 1, Q n = 0. 

As seen in above case Q n = 1, Q n = 0 is stable state when S = 1, R = 0. 

Conclusion : When S = 1, R = 0, irrespective of previous condition Q n+ 1 = 1, 

Q n + , = 0. This state is 'SET state of the circuit. 

Case IV : When S = 1. R = 1, we know the fact that when either of the input to NOR gate is 1. output 
of gate is 0. Tins condition leads us to 'RACE' condition of the circuit. It means both the 
outputs will try to reach logic 1; and therefore, this state is ambiguous or undefined. Normally 
referred as RACE. 

State tabic 


For SR FF, we have two inputs, i.e. S and R. Q output represents, state of FF. As Q is single output, 
there will be two states i.e. 0 and 1. Note that Q is simply inverted output of Q. Therefore not treated as 


Present State 

Next state Q (n + 1) 

Q(n) 

SR = 00 

SR = 01 

SR = 10 

SR= 11 

0 

0 

0 

1 

Race 

1 

1 

0 

1 

Race 


Table 8.1 : State table for SR FF 






* 


'<1CC condition cannot be shown or predicted 
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State Diagram 


SR 


00 

01 


SR 

10 



SR 


00 

10 


OR 


SR 

XO 


Fig. 8.9 : State diagram of SR FF 


Previous state (Q(n)) to Next state (Q(n + 1) If S 

R 

0 

0 

0 

X 

0 

1 

1 

0 

1 

0 

0 

1 

1 

1 

X 

0 


Table 8.2 : Excitation table 

Read the table as given below. 

If previous state is Q(n) then to switch over to next state i.e. O (n + 1) input S and R should be 
0(n + 1). 

For example, if previous state is 0, then to switch over to next state 1, input S and R should be 10 
[S = 1, R = 0]. 

The above Table 8.2 is referred as excitation table. 


State Equation 


For SR FF, the state equation is. 


Q(n+ 1) = S + RQ(n) 


8.3.1 Nand Latch : 


R0n 

ssT 


Ro 

■j Jo oQ 

S 

R 

Qn+ 1 

Qn+ t 



LIS / 

0 

0 

RACE 

RACE 



0 

1 

0 

1 



— - 

1 

0 

1 

0 

So 

jjr — 

1 

1 

NC (Q„) 

NC (Q„) 


•4 Reset 
— y Set 
Inactive 


Fig. 8.10(a) : Nand latch 


Fig. 8.10(b) : Truth Tabic 
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\ : 


iV 


sc 


AS' 


1 lie way we have analysed NOR latch, you can analyse 
NAND ,atch and Prove the truth table shown in Fig. 8. 10(b). , /Ps 



Fig. 8.11 : Symbol of simple SR FF 

[ASKED IN EXAM - DEC. 97 !!! 


8.3.2 Level Clocking : 

As mentioned, sequential circuit requires 
timing pulses, i.e. clock. Clock is nothing but 
pulses generated from oscillator. Logic level 
toggles from 1/0 and 0/1. Normally, 50% duty 

cycle is preferred. Refer Fig. 8. 12. Fia g 2 

Level clocking means FF responds either on ** 

LOU lc\ cl of CLk ox HIGH level of CLK. HIGH level clocked is termed as positive level clocked. LOV 
level clocked is termed as negative level clocked. 

8.3.3 Clocked Nand Latch : 



HIGH level 

oolk l/uTTL 

LOW level 




(b) Symbol 


Fig. 8.13 : Simple SR latch 
Truth Table 


Inputs 

Outputs 

CLK 

s 

R 

Qn+ 1 

Qn + l 

0 o_n 

X 

X 

NC (Q n ) 

NC (Q n ) 

H_n_) 

0 

0 

NC (Q n ) 

NC (Q n ) 

1(_TL) 

0 

1 

0 

1 

1 (J~L) 

1 

0 

\ 

0 | 

H_ru 

1 

1 

RACE 

RACE 


_TL = HIGH level 
1 f = LOW level 


Table 8.3 : Truth table of level triggered SR FF 
Let's analyse the circuit behaviour and verify truth table. 
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Refer truth table of simple SR FF (Fig. 8.13(b)). when CLK level = 0 irrespective of S and 
R input S - R = 1. Therefore Q n and Q n will not change. .\ Q n . , = Q n . Q r „ , = Q ri 
When CLK = 1. S = 0. R = (). 

Output S - 1 and R' = 1. Therefore again Q and Q will not change. 

Qn.,=Q„.Q„.,=Q„ 


Case III : 

CLK = 1. s = q. R= 1 . 


S' = 0, R' = 1, Therefore Q , ,= 

Case IV : 

CLK = 1, S = 1, R = 0. S’ : 


condition. 

Case V : 

»CLK = 1, S = 1, R = 1. .-. S' 


S' = 1, R' = 0. Q a .| = l.Q = 0. 'Fills condition is SET 

> 

S’ = 0. R’ = 0. .*. RACE condition. 

For low level or negative clocked SR FF. insert an inverter at CLK input as shown in Fig. 8. 14 

o 



s 

Q 

CLK SR FF 


R 

T) 


(a) Low level clocked SR FF 


-> Bubble represents LOW 
level triggering 

(b) Symbol 


Fig. 8.14 


Ex. 1 : Draw output waveform for following input signals 


CLK- 


jmjiLnjmjmnri 


o 


Soln. : 


R 


Q 


SL 


1 1 


• i 


0 


(Initially Q is considered at 0 level) 


Fig. Ex. 8.1 

8 . 3.4 Edge Triggered Nand Latch : ^ [ASKED IN EXAM - DEC. 97 , 98, JUN E S9 !!! ] 

In previous discussion we saw that, when there is HIGH/LOW level of the CLK. depending upon SR 

input, output Q and Q changes. But our requirement is such that FF should respond only when CLK 
changes the state, i.e. either on rising edge or on falling edge. Fig. 8.15 depicts edge triggered SR FF. 
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(a) Positive edge triggered SR FF 

o— 


(l)) Symbol of positive edge triggered SR FF 


CLK 


s 

Q 

> 

SR FF 

R 

u 


•(c) Symbol of negative edge triggered SR FF 
Fig. 8.15 

As shown output of differentiator is differentiation of CLK pulses. Time duration ’t* depends upon RC 
time constant. V out pulses are Sharp spikes of height approx. (± V cc ). 

One has to clip negative pulse and give the clipped output to common terminal of NAND latch as 


T => Positive edge 
i => Negative edge 


Inputs 

Outputs 

CLK 

s 

R 

"" Q., + i 

Qn+ 1 

0 

X 

X 

NC (Q n ) 

NC (Q n ) 

1 

X 

X 

NC (Q n ) 

NC (Q n ) 

i 

X 

X 

NC (Q n ) 

NC (Q n ) 

T 

0 

0 

NC (Q n ) 

NC (Q n ) 

t 

0 

1 

0 

l 

T- 

1 

0 

1 

0 

T 

1 

1 

RACE 

RACE 


Table 8.4 : Truth Table of SR FF 


Ex 2 * Draw output waveform for given S and R input, for positive edge triggered SR FF. 

_rn_i 


Soln. : 


CLK 


0 


n 


l_2j 
1 


1 


o 


R 

O/P 



+ 


I 

I 

I 

I 


1 


1 


Fig. Ex. 8.2 
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unpredictable In ' '!• SWitcIlcd on * tbc statc °f circuit is uncertain. Output is set or reset, tliat is 
has to consider initiT ^ ! CaU ° n(s) * uscr want Q t0 bc very specific either SET or RESET. Therefore one 
Preset fikn ,. a COncbt * on a ' so - H° n ' to accomplish required initial condition ? Solution, is to use 

' ( CallCd dtrCCt clear (also called as direct reset) terminal. 

Preset and clear inputs can bc given in two ways : 

( 1) S> nchronism with CLK (called synchronous Presct/clcar) 

(2) Asy nchronism with CLK (called asynchronous Preset/clear) 


Asynchronous Preset and Clonr 



Preset (P r ) 



Clear (C r ) (CLR) 


(b) Symbol 


Fig. 8.16 


Input 

Outputs 

Pr 

C r 

CLK 

s 

R 

Qn+1 

Qn + 1 

0 

0 

• X 

X 

X 

RACE 

RACE 

0 

1 

X 

X 

X 

1 

0 

1 

0 

X 

X 

X 

0 

1 

1 

1 

0 

X 

X 

NC 

NC 

1 

1 

1 

0 

0 

NC 

NC 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

RACE 

RACE 


Table 8.5 : Truth Table of SR FF with preset and clear 
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Let's analyse working : 

(1) P, = C r = 0. it gives RACE condition, because output of NAND3/4 = 1. So avoid this condition 

(2) P = 1. C r = 0. This is RESET condition of FF. 

As C r = 0. Q = l. As input to NAND3 is P r = 1. Q = 1 and output of NANDI is Q = 0. 

(->) P r = 0. C r = 1. This is SET condition of FF. 

As P r = 0, Q = 1. As input to NAND4 is C r = 1, Q = 1 and output of NAND2 = 1 forces Q = 0 
(4) P r = C r = 1. In this condition SR FF acts as normal and truth tabic matches with SR FF 
without prcsct/clcar terminal. 


Synchronous Preset and Clear 


We will directly leant truth table for the same. SR FF with prcset/clear (synchronous input). 


Inputs 

Out 

puts 

P r 

C r 

CLK 

s 

R 

Qn + 1 

Qn + 1 

X 

X 

0 

X 

X 

NC 

NC 

0 

0 

1 

X 

X 

RACE 

RACE 

0 

1 

1 

X 

X 

0 

1 

1 

0 

1 

X 

X 

1 

0 

1 

1 

1 

0 

0 

NC 

NC 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

RACE 

RACE 


Table 8.6 : Truth Table of SR FF 


8.4 D FF (Delay Flip-Flop) : 


To avoid possibility of race condition in SR FF, we will change the design of FF. The resulting latch 
is called 'D latch', as shown in Fig. 8.17. 



I 1 


I/Po- 


Q ' ' 


D 

Q 


OFF 

5 


•O/P 


(b) Undocked D latch 


Fig. 8.17 
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^ ^ ^ 1 and S - 0. Therefore Q = 0. Q = 1 . 

I — lf D “ 1, R = 0 and S = 1. Therefore Q = 1. Q = 0. 


' Q changes as D ch a nges, irrespective of previous state. 


abo\ c analy sis, we conclude that there is no possibility of occurring S = R = OorS= : R = 1 


D input 

Qn + 1 

Qn + 1 

0 

0 

i 

1 

l 

0 


Tabic 8.7 : Truth table of DFF 

na y sc truth table shown in Table 8.7, you wi l l fin d that Q n , , is simply copy of P input (data 

input). So functionally D FF produces output which is equal to input but with some ‘Delay’. Therefore it 
isctillcd as delay FF. Most widely used in computer system. 

Nowjwc will see clocked (level and edge triggered) D FF. For you. it is self explanatory. 

D l/Po - - 


CLKo 




D 

CLK D FF 

Q 





Q 






Fig. 8.18 (a) : Level triggered D FF 


Fig. 8.18 (b) : Symbol 


In 

)Ut 

Output 

CLK 

D 

Q,. + i 

Q,. + i 

0 

X 

NC (Q n ) 

NC (Q n ) 

1 

0 

0 ^ 

1 

1 

1 

1 

0 


Fig. 8.18(c) : Truth Table 



I/P* 



Fig. 8.19(a) : Edge triggered D FF 


Fig. 8.19(b) : Symbol 


I- ■ * 
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Flip-Flop 


Digital 


Input 

Ou( 

put 

CLK 

D 

Qn + 1 

Qn + 1 

0 

X 

NC 

NC 

1 

X 

NC 

NC 

1 

X 

NC 

NC 

t 

0 

0 

1 

t 

1 

1 

0 


Fig. 8.19(c) : Truth table 


State table 


Present State 

Next State 

Q(n) 

D = 0 

D = 1 

0 


1 

1 


1 


Table 8.8 : State table for D FF 


! State diagram 


1 



Fig. 8.20 : D FF state diagram 


Previous state to Next state I 

f D 

0 

0 

0 

0 

1 

1 

1 

0 

0 

1 

1 

1 


Table 8.9 : Excitation table for D FF 


| State equation 



^TTTDraw output waveform for given D input, for positive edge triggered D FF 
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r 


Soln. : 


CLK • 
D ■ 

QO/P ’ 

Initially 
Q = 0 


8-17 



1 61 CLK 

2 nd CLK 3 ,d CLK 


4 ► 

■4 — — 




1 

1 

! n ih n ! 

i — i 

/ 

i*i 

( 2 1 ( 3 


D = 0 at D = 1 at D = 0 at 

rising edge rising edge r i sin 9 ecJ ge 


Q = 0 .*. Q = 1 Q = 0 


Flip-Flop 

* 

2 




Fig. Ex. 8.3 


Available D FF chips are : 

(1) Positive edge triggered D type FF - IC 7474 

(2) Positive level triggered D type FF - IC 7475 (transparent latch) 

(3) Quad D flip-flop with clear - IC 74175 

(4) Octal D latch - IC 74373 


8,5 Flip-Flop Timing Consideration : 


Manufacturer of flip-flop IC will specify several important timing parameters and characteristics that 
must be considered before FF is used in any circuit. 

For explaining the same we will use D FF. 

o — ! u tim (t s ) i tZTui — 


D input 


CLK 


Q 


l setup 




l hold ( l h ) 


n 


+r 


T*" Ip 


t s = Setup time 

t p = Propagation delay 

t h = Holdup time 


to U 


Fig. 8.21 


Propagation Delay (Refer Fig. 8.21) 


In IC's we 


■ we use diodes and transistors. Transistor is operated either in saturation or cut off. Transistor 
* -.i f c'ltnntion to cutoff or V.V. Same way diode also takes small time to turn 

ff, e , s r ^ nc r!l s r?,' H .inn time is in amosccond. Bui is main cause for propa gation dclay^). ^ 

it takes for ou.pu. of gate or FF to change state after the input 
Dcnn " ,<,n • “ 'L< n, n .K edge hits Tunica, value - 10 - 20 H sec 1 


Thjs Ume shoukTbe considered when digital circuit used in high speed circuit. Propagation delay is 
measured for both, LOW to HIGH and HIGH to LOW transition. 


t p - h ~ l 2 
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Flip-Flop 


*PLH 

— > 

From CLK to Q 

(LH -> LOW to HIGH) 

l PHL 

— > 

From CLK to Q 

> 

(HL -> HIGH to LOW) 

^PLU 

— > 

PRE toQ 

, PRE - Preset 

WlL 

— > 

CLR to Q 

CLR - Clear 


Setup Timed,) (t, rtMn ) [ [ASKED IN EXAM - DEC. 99, DEC 98 !!! ] 

T Itc setup time (t 2 -i,) is the minimum length of time input should be present before CLK edge 
arrives. 1 he main cause of setup time is stray capacitance at the input side. If this time requirement is not 
met. the FF may not respond reliably when CLK edge arrives. Typical timing is from 5 to 40 q sec. 

Holdup Time (t„) (t hold ) I [ASKED IN EXAM - DEC. 99, DEC. 98 !!! ] 


The holdup time (t 4 - 1 2 ) is minimum length of time, input must be present after CLK edge has 
struck. The main cause of holding input is because of switching time of internal transistors and diodes. If 
this time is not met, one cannot assure about switching of internal circuit and FF will not work properly. 
Typical holdup time is ranging from 0 to 10 q sec. 


Maximum CLK Frequency (f ) 


f ma* " l/t c = 


^setup ^pd(FF) ^ns 


where, t c = Clock period 

t ns =Propagation delay of next state decoder 


t 


setup 


=Setup time 


t p d (ff) = Flip fi°P propagation delay 





This is the maximum CLK frequency that can be applied to CLK input of FF, for proper and stable 
operation. 

1 


| Clock Pulse HIGH and LOW Timc_ 

R fer Fie 8 22 The manufacturer specifies minimum time duration that the CLK signal must remain 
LOW before it goes HIGH, it is called as CLK pulse low time (t CL or t WCL ) and minimum time duration 
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Fig. 8.23 


As shown in Fig. 8.23(a) NAND 3/4 forms simple SR FF. Inputs to the NANDI arc J, Q and CLK 
(edge). Inputs to NAND 2 are K, Q and CLK (edge). Now let's see how JK FF works and derive tmth table. 


Case I 


Case II 
Case III 


Case IV 


When CLK is at HIGH or LOW level, output Q and Q remains in previous state. Because 

NAND 1/2 produces T output, irrespective of Q, Q, J and K inputs, as input to NAND 1/2 
is 'O', after differentiator circuit. 

When CLK = -l i.e. falling edge, output Q and Q are unchanged. 

When CLK = T and J = 0, K = 0, 

S' = R' = 1. .-. output does not change. 

Conclusion : Above three cases are called Inactive condition of JK FF 
CLK = T, J = 0 and K = 1. 

Let's consider previous state of Q = 1 and Q = 0 





R' = J • Q • CLK =0-0-1 = 1. 

S' = K • Q • CLK = 1-1-1 = 0. 


/. Q changes from 1 to 0. Q = 0, Q = 1 (Refer Table 8.8(b) of SR FF). We will again 
start analysis because Q and Q has been changed. 

Now, R' = J • Q • CLK = 0 • 1 • 1 = 1 

S' = K-Q-CLK = 1-0-1 = 1 


Q and Q will remain uncltangcd unless and until next JK input is given with CLK. This 
state is stable 'RESET' condition of JK FF. 

Conclusion : When J = 0, K = 1 and CLK liits, irrespective of previous condition, Q = 0 
and Q=l. 
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Case VI 


clk = r 7 rrr— ^ - 

• J ~ l. K = o 

Ut S ^!^Prcvious state of Q = o and Q = 1 

R, = i^Q 1 c^=TTT==o 
s k-q-clk = 7~7TT = i 

Q changes from () to 1 Q = i, Q = o 
R ' = Jj Q • CLK = "TiT = 1 


Flip-Flop 


Now 


S ’ = K • Q • CLK = “tTTT = 1 

Condition' 1 - rCmam Unchangcd ‘ This statc is s,ablc 'S^T' condition of JK FF. 

cn J - 1, K = 0 and CLK hits, irrespective of previous condition Q = 1 

and Q = o. 

: When CLK = T I = te = i »i , . . 

rnnciH ^ n 1 1 ’ ^ “ 1IS condition is more interesting. Here we arc going to 

vunsiaer z CLK pulses. 


(0 Let’s say previous co ndition of Q = 1. Q = 0 

R’ = _J. Q.CLK = 1 -0- 1 = 1 
••• S’ = K.Q^oZ = 1 . l • l" = 0 

Q„ . , - o and 0^7 = 1 (Q n . , = Q„, Q„ , , = T = 0) 


(11) Now lei's say previous condition of 0 = 0. Q = 1 (If you note Q„ , of (i) = Q„). 

••• R' = J • Q • CLK = 1-1-1 = o 

••• S' = K • Q • CLK = 1-0-1 = 1 

••• Qn = 1. Q„. I =0 (Q n „ , = Q„ = 0 = 1) 


From above two cases (i) and (ii) we conclude that when J = K = I and CLK hits Q = q (means 
output toggles). 

Conclusion : This condition of JK FF gives us TOGGLING mode. Now let’s summarize every thing 
and make truth table : 


f Inputs 


Outputs ] 

CLK 

j 

K 

Qn + 1 

Qn + 1 


0 

X 

X 

NC 

NC 

Case 1 

1 

X 

X 

NC 

NC 

Case 1 


X 

X 

NC 

NC 

Case 11 

T 

0 

0 

NC 

NC 

Case 111 

T 

0 

1 

0 

1 

Case IV 

T 

1 

0 

1 

0 

Case V 

T 

1 

1 

Q„ 

Qn 

Case VI 
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[state jahic ] ** ° — fPfcfiH 


Present state 
0(n) 

JK * 00 

Nevl state 

JK - 01 

> Q(n + 1) 

JK * 10 

JK 11 

0 

l 

0 

l 

0 

0 

1 

1 

1 

0 


K. 10 : State table for JK flip-flop 


State diagram ) 


t 

I 

I 


\ 



Fi^. 8.24 : State diagram forJK-FF 


Previous .stale to Next state If 

.1 

K 

0 

0 

1 

1 

1 

ft 

0 

1 

1 


0 

1 

X 

X 

X 

X 

1 

0 


Table 8.11 : Excitation table for JK-FF 



Fig. Ex. 8.4 


Fig. Ex. 8.4(a) 
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• When J = ~ - 

Initially Q = o * oul P ut Q toggles. 
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Flip-Flop 



VllCn * 1 1 CLK edge hits 
2 nd CLK edge hits 
3 rd CLK edge hits 

Till p' C C '' a ‘ n ' V ‘H rc Pcat. 
g ^ UC ‘ tFc Q ou, P ul * s F/2. Therefore this circuit is called as + 2 circuit. 

\Z- ^ v ^ aCe Condit >on in JK FF (Race Around Condition) : 

[ASKED IN EXAM - DEC. 96, MAY 97, DEC. 97 !!! ] 


Q-i-Qn 

Qn + ,=Q n 

Qn + ,=Q n 


Qn +1 = "l = 0 (L) 

Qn + l = 0 =1 (t 3 ) 


go i n J to'be h T?i ,r dl f CUS f ,0n 011 JK FF ’ dirccll y with positive edge triggered type. 
phe nomena ' 1S CVC tr ‘^ crcd ■ ^ cre wc arc going to sec interesting RA 


But how JK is 
RACE AROUND 


Remember three important points : 

0) When J = K - 1, JK FF output Q toggles 
(2) When FF is level triggered. FF is active till active level is present 
J.3) Output Q_ and Q is fed back to input NAND gate in JK FF, 


Refer Fig. 8.23(a) (Remove differentiator circuit, then analyse). Draw output Q when J = K = 1 for 
level triggered JK FF. 

_ r ~ 


CLK 


Q 


uiL-irtm 


\ I 


Racing or continuous toggling 
or unwanted train of pulses 


i A 


Fig. 8.25 

Let’s consider initially Q = 0. So when CLK = 1, Q changes state, Q = 1. Now new state of Q 
propagate through NANDI, NAND2 and will get settled and satisfy setup/hold up time for NAND2/3. The 
total time of propagation is represented as t in Fig. 8.25. After time t, as CLK = J = K = 1. Q again 
toggles. Q = 0. This chain will continue till CLK = 0. 

Wc are going to get unwanted train of pulses when CLK = J = K = 1. This is drawback of level 
triggered JK FF. 

But if user wants lev el triggered JK FF without racing, then the answer is MASTER SLAVE JK FF. 


8.7 Master Slave JK FF (M/S JK FF) : 

■ 

[ASKED IN EXAM - DEC. 96, MAY 98, 111 ] * 

Fig.' 8:26 shows M/S JK FF which is combination of two clocked latches; first is called as Master 
and second is called as Slave. Master is positively clocked and slave is negatively clocked i.e. : 

(1) When CLK = 1 Master is active, slave is inactive 

(2) When CLK = 0 Master is inactive, slave is active. 


Table 8.12 : State table of TFF 
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Fig. 8.26 : Master slave JI< FF 


CLK 


J 


Q 


M/S 



JK FF 


K. 


Q 


Fi". 8.27 : Symbol 


Inputs 

Outputs 

CLK J 

K 

Qn + 1 

Qn + 1 

X 0 

0 

Q n (NC) 

Q„ (NC) 

_n_ o 

1 

0 

1 

_n_ i 

0 

1 

0 

_n_ i 

1 

Toggle (Q n ) 

Toggle (Q n ) 


Fig. 8.28 : Truth Table 


I 11 CLK period 

<4 h. 

2 ni CLK period 



► 

Master active 

Slave active 

Master active 

Slave active 

( CLK = 1 ) 

( CLK = 0 ) 

( CLK = 1 ) 

( CLK = 0 ) 


Fig. 8.29 

You should remember mainly above two points and one more point tint whatever master does , slave 
copies it , blit in next half cycle of CLK. 

Working 

Case I : J = K = 0 Previous slate Q n = 0, Q n = 1 

(i) CLK = 1. .*. Master active. Slave inactive 

output of Master FF.S = Q n . R = Q n 

(ii) CLK = 0, Master inactive. Slave active 

output of Slave FF,Q = Q n , Q = Q n 
Conclusion : No cliange condition. 


Scanned by CamScanner 




7 


5CUJ J»O.K=KQ n =l.Q n = 0 

(0 CLK = 1. Master active. Slave inactive 

output of Master. S = 0 R = 1 . 

(•0 CLK — 0. Master inactive. Slave active 

output of Slave. Q = 0 Q = 1 — » Q n „ , changed . 
(iii) = L Master active. Slave inactive 

output of Master, S = 0 R = 1 

Now the state is stable as (i) and (iii) arc same. 


(1) 

Edge triggered JK FF 

- 7470 

(2) 

JK Master Slave FF 

- 7472 

(3) 

Dual JK M/S FF 

- 7473 

(4) 

Master Slave JK FF 

- 7476 

(5) 

JK M/S FF 

- 74104/105 



Dual JK positive cdec tricecrcd FF 

- 74109 


8.8 T FF (Toggle FF) 


The type 1 FF changes state (toggles) for each CLK pulse, if T input = 1 . In J - K FF. if J = K we get 
type T FF. It lias only one input, referred to as T input. 




(b) Logic symbol 
Fig. 8.30 


E9 

M 

Qn + t 

Qn ♦ 1 

4 

0 

Qn 

Qn 

1 

1 

Qn 

Qn 

• 

T 

X 

Qn 

Qn 

l 

X 

Qn 

- 

Qn 

0 

X 

Qn 

1 Qn 


(c) Truth Table 


State table 


Previous state 

Next State Q(n + 1) 

0(n) 

T = 0 

T = 1 

0 

0 

1 

1 

1 

0 


77 


Table 8.12 : State table of TFF “ 
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Flip-Flop 



T = 1 



Fig. 8.31 

: State diagram of TFF 


Present state to Next state If T 

0 

0 

0; 1 

0 

1 


1 

0 

1 

1 

1 

0 


State Equation 


Tabic 8.13 : Excitation tabic of TFF 


Q (n + 1) = T • Q(n) + Q(n) • T 


i it it oil?. >.t\ 

.t • •'-io/noo 

f.rnril (l) 

vjill i 1 1 # > i r T o 0 i 

: aonil JuqiuO ff.) 

Utrr ■ : • ' ;,r ioD 


Ex. 5 : Draw output waveform for Fig. Ex. 8.5 : 
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> 


FF data 
input 


Flip-Hop 


t r 



' l 

i 

FF 



\ + 

i 

i 

Conversion 

logic 

(combinational 


Given 

FF 

f F 

i 

i 

i 

logic) 



i 





-+Q 


-►5 


"T 

Required FF 


Fig- 8.32 : General model of conversion from one FF Jo another 

As shown in Fig. 8.32 required FF is combination of given FF and FF conversion logic. FF 
com ersion logic is nothing but combinational circuit. 

To design this we require excitation table. Here one should make truth table which contains. 

(1) Input lines : ..<• 9 

This contains data inputs of required FF and Q as an input. 

(2) Output lines : 

Consider input terminal of the given FF as output. 

For example, let's say we want to convert SR FF to D FF. than input links will be D and Q Output 
lines will be S and R. .-. Table will be 


Inputs 

Outputs 

Q 

D 

S 

R 


Now depending upon input lines you write down number of states. Presently input lines are two (O 
and D) ' v 

Number of states will be 4. 

Table will be. 


Inputs 

Outputs 

Q 

mm 

s 

R 

0 

0 



0 

i 



1 

0 



1 

1 




Now next step is very important you have to ask question to yourself, that previous output is this 
(Q), but because of rune input (D) , what will be neiv state (say i). Then to change from previous 
output (Q) to new state (i), what should be state of output terminals (Le. S and R). 

Tire stales you can find from excitation table. 

Lei's lake the same example. 

Previous output is *0* (Q), but if new input D = 0 new state will be i = 0 
/. Transition is from Previous state Q = 0 to next state i = 0 
S = 0, R = X (excitation table) ; where X = don't care condition 
Previous output is ' O' (Q) but if new input D = 1, new state will be i = 1. 
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pervious state Q = 0 to new state i = 1 . 


• • Transition is from 

S = 1, R = 0. 

Thus you switch over to next inputs and find SR outputs 
We get. 


Flip-Flop 


Now draw K-Map. 


D n 


Inputs 

Transition 

Output 

Q 

D 

Q to i 

s 

R 

0 

0 

0-4 0 

0 

X 

0 

1 

0 -> 1 

1 

0 

1 

0 

1 —> 0 

0 

i 

1 v 

1 

1 -4 1 

X 

0 

0 

1 

\Q 

_ 

0 


o 

o 

0 

2 



m 

lilt 

1 

3 




Hi 

m 

0 

2 

0 

i 

0 

3 


S = D 


R = U 


Circuit is, 


Combinational 
logic conversion 


DI/Po 

ij£ 

ational — !-H 


D FF 


i 
j 


u 


S 

Q 

j SR 


Given 


* FF 


R 

S 



1 

I 

I 

S o ip 

I 

I 

-4—o 


Fig. 8.33 : Conversion of SR to D FF 


Ex. 6 : Represent following with the help of K-Map : 

(i) JK FF to work as T FF 
(jj) SR FF to work as T FF. 

(iii) D FF to work as T FF. 

Soln. : (i) JK to T 

Table will be, 
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Flip-Flop 


K-Map 


r 


Q 


T 


0 

0 

X 

2 



0 

J|8| 

1 

3 


J = T 


K-Map : 


(ii) SR to T .-. Tabic will be, 


Inputs 


0 

0 

1 

i 

i 

4-J- 


0 
1 
0 
1 


Inputs 

Transition 

Outputs 

Q 

T 

Q to i (new state) 

J 

K 

0 

0 

0 >0 

0 

X 

0 

1 

0 > 1 

1 

X 

1 

0 

1 — > 1 

X 

0 

1 

1 

1 > 0 

X 

1 


X = Don't care 


\ 

f 

X 

.0 - 

' 0 

2 



. |§SS 


1 

3 


o 


0 r 
I * 

T IijPo-i — *- 


CLKo- 


K = T 


JUL i 

l 

d 

--1 £ 


o 


J Q 

- .qr,WK^F/nnb vrr|/ 

K G 


Jj 


Transition 


Q to i 




0 

0 

l- 


->0 


-> 1 


-» 1 




• i 


Outputs 


0 

1 

X 


o 

nod' 

i ]q ncfcioyn 


•I: 


R 


X 

X 


o TFF 

Ex. 8.6(a) 

(Dee. 97, June 99, 8 Marks) 

,/.i Jin/ii.) 

X = Don't care 

nioO 
> 0150I 


q (I noi^ovnoDyt ,”i J 


T 


o 

O 

X 

2 

© 

1 

0 

3 


0 


S = TG 


X 

0 

2 

0 

i 

© 

3 


R = TQ 
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SMI 


CLK 

-nn. 



Flip-F!oc 


Combinational 
logic circuit 


(iii) D FF to T FF 
tble is, 

[ Inputs 


Fig. Ex. 8.6(b) 


K-Map : 


(Dec. 96, 8 Marks, Dee. 98, 99, 6 Marks) 



Transition 


0 -> 0 
0 -> 1 
1 -» 1 
1 0 



TI/P< 


'tS cl JL 

JUL 


Fig. Ex. 8.6(c) 


0 © 




D = TQ + TQ 


Ex. 7 : Represent the following with help of K-Map : 
(i) SR to JK (ii) JK to D. 

Soln. : (i) SR to JK : 
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Flip-Flop 


•*. Tabic is. 


K-Map : 
\JK 

q\ oo 



Transition 

Out 

Hits 

Q 

J 

K 

Q to i 

s 

R 

0 

0 

0 

0- 

— > 0 

0 

X 

0 

0 

1 

0 

— >0 

0 

X 

0 

1 

0 

0 

—4 1 

1 

0 

0 

1 

1 

0 

— » 1 

1 

0 

1 

0 

0 

0 

— > 1 

X 

0 

1 

0 

1 

1 

— >0 

1 

0 

1 

1 

0 

1 

— > 1 

X 

0 

1 

1 

1 

1 

— >0 

0 

1 

01 

11 

10 

Q 

JK 

\ 00 

01 

11 


10 


0 

0 

m 

lit 

0 

X 

X 

0 

0 

0 

1 

3 

2 


0 

1 

3 

2 

X 

0 

0 

X 

1 

0 

fill 

§1111 

0 

4 

5 

7 

6 


4 

5 

7 

6 


Circuit : 


S = JQ 


R = KQ 



Fig. Ex. 8.7(a) 


(ii) JKtoD: 
/. Table is, 


Inputs 

Transition 

Out 

puts 

Q 

D 

Q to i 

J 

K 

0 

0 

0 -> 0 

0 

X 

0 

1 

0-» 1 

1 

X 

1 

0 

1 — > 0 

X 

1 

1 

1 

1 — > 1 

X 

0 
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D n 


K-Map : 

. Q 


o 


i 


0 


J = D 



»-F 


K = D 


Fig. Ex. 8.7(b) 


Ex. 8 : Show that following circuit acts as T type FF : 


T J=3£>4 



O Q 


Fig. Ex. 8.8 


5 


Soln. : The circuit can be redrawn to analyse it easily. 

As shown in Fig. Ex. 8.8, dotted part is nothing but T , J=£> 

-ve edge triggered D type FF. CLK 

.*. Circuit becomes. 

To analyse circuit refresh truth table of D FF as well 
as EX-OR gate. We will make truth table for same. 



Fig. Ex. 8.8(a) 


In 

)Ut 

Output 

T input 

CLK 

Qn 

d = (T e q„) 

Qn+ 1 

0 

i 

0 

0 

o => (Q„) 

0 

i 

l 

1 

1 =» (Q„> 

1 

i 

0 

1 

MQ„> 

1 

i 

1 

0 

Q(Q„) 


Part 1 


Part II 


V/L/Jvl TV -7 t , <t 

remains as it is i.e. Q n (previous state). 

Observe part II, As T = 1, for each clock edge output is complement of previous state means output 
toggles at each CLK edge. 

Truth table is exactly matching with T FF truth table. 
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application of f'^Ff' ^ st ^' C( ^ a *| 1 >P CS of FF, symbols and their tnith tabic. It is obvious to know the 

(1) Countcr/Timcr, 

(2) Memory- element, 

(3) Register and 

(4) Eliminating keyboard debouncing etc. 

PP < on (1 ) to (3) v\ c are going to cover in next chapters. Now concentrate on application (4). 

8.10.1 Elimination of Keyboard Debounce : 

s \e have seen that in digital electronics we require ’O' and T logic. Same can be generated either 

i ^ 1 °f, C1 a * or circuit or switch. At student level switch is most commonlv used. The circuit is as 
shown in Fig. 8.34(a). ,j. • 



5 V 
0 V - 
: .5 V - 
0 V 


Ideal wave 


kt\Van 


(a) Switch circuit 


T-l Cl lo 
nr;^ lol 


Random 
debouncing 

Switch to , Switch comes , 
position 2 to rest position 2 

.Jill*. , ,»i . •i. v - :i f 

(b) Switch to position 


Fig. 8.34 



(a) 


(b) 


Fig. 8.35 
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As shown in Fie'T'u /u\ I i " ~ — — °P 

settle down But it i *• ’ , " avc ‘ onn should change from 0 to 5V (or v.v) instantly and should got 


is virtually impossible to obtain clear voltage transition from mechanical switclu 


because of c uua, v •mpossiblc to obtain cl 

coming to res/^ ‘bounce effect. Contact debounce means switch makes and breaks contact, before 

aDDlientirm o • ° n Contact P°* nt - The multiple transition last only for few milliseconds, but for many 
tins is not acceptable. Answer to the problem is simple SR FF. 


-^Tiijyge Working of circuit 


Initially key is resting on position 1, 
s = R = 1, Q = o. 

n svv itch is mov ed to position 2, S = 1 and R = 0. as the switch first makes the contact. 

Q = 1 (refer Fig. 8.32(b)). 

Now if switch debounces off contact 2, S = R = 1, 

Q = Q n i e - No change in output. 

Q some make and break switch will come to rest on contact 2. So problem is solved. 


An edge triggered D flip-flop can be made to 
operate in the toggle mode by connecting it as 
shown in Fig. Ex. 8.9. Assume that Q = 0, initially 
and determine the Q waveform. 


CLK 


JUL 

1 KHz 



Soln. : Initially Q = 0, Now we will prepare table. Fig. Ex. 8.9 


CLK 

D 

Qn 

Qn 

Qn + 1 

T (1 st ) 

1 

0 

' 1 

1 

T (2 nd ) 

0 

1 

0 

0 

•T (3 rd ) 

1 

0 

1 

l 

T (4 th ) 

0 

1 

0 

0 

T (5*) 

1 

0 

i 

1 

T(6 th ) 

0 

1 

0 

0 



oJ 


Initially 0 


Fig. Ex. 8.9(a) 
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8.11 Examples from Universit y Papers 


1. Explain difcrencc between combinational logic circuit and sequential logic circuit. Give two 
examples of each of these types. - (May 96, 3 Marks) 

Ans.: Refer Section 8.1. 

Example : 

Combinational circuit typically use AND-OR, EX-OR. NAND-NOR. 

Sequential circuit uses flip-flops plus all above mentioned logic gates. 

2. Explain the following terms for a flip-flop : 

(i) Race around condition. 

Ans.: Refer Section 8.6.1. 

(ii) Propagation delay 
Ans.: Refer Section 8.5. 

(iii) Edge trigger and level trigger. 

Ans.: Refer Section 8.3.2 and 8.3.4. 

3. Convert T Filp-flop to D flip-flop. 

Ans. : To design die conversion logic we need to combine the truth table of require table of required 
lilp-flop and excitation table of given flip-flop. 


(Dee. 96, 6 Marks, Dee. 97, 5 Marks) 
(May 96, May 97, 8 Maries) 



Table 1 


) : 


Table 2 


Here T is given flip flop and D is required flip flop. So Q will be output and D will be new input. 
If Q = 0, D = 0 then next state Q n + j = 0 

So transition is from Q = 0 to Q n _ j = 0 

T = 0 

Similarly we can make transition table for other states also. 

Transition table : K- map 


Inputs 

Transition 

Output 

Q 

D 

Q to Q n + j (new state) 

T 

0 

0 

0 0 

0 

0 

1 

o -> 1 

1 

1 

0 

1 -> 0 

1 

1 

1 

1 -) 1 

() 


vQ 


DO 


D 1 


n 

0 


Q 

1 


Table 3 


o 

O 

CVJ 

© 

© 
i 1 

0 

3 
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i ■ 


OR 


Explain what is race around condition in J-K flip-flop. How this problem could be 
solved ? 


t 

i 

•; 


(May 97, Dec. 97, 6 Marks) 
(Dec. 96, 8 Marks, Dec. 98, Dec. 99, 6 Marks) 

(Dec. 96, 4 Marks) 


Ans.. Refer Section 8.6.1 

5. Convert D flip-flop to T flip-flop. 

Ans.: Refer Section 8.9, Ex. 6 (iii). 

6. Explain what is master— slave flip— flop and give its applications. 

Ans.: Refer Section 8.7. Application : Most widely used in counters. 

7. Filp— flops with propagation delay of 30 nsec, are used in 6 stage asynchronous counter. If 
the strobe pulse width is 20 nsec, find the maximum frequency of operation of the counter. 

(May 97, 4 Marks) 

Ans. : Following equation provides relationship between clock period, number of flip-flops used 
and propagation delay of flip-flop. 

Time period of clock (T CLK ) = N x (tp d + strobe pulse width) 

Minimum time delay for each flip-flop = Propagation delay + Strobe pulse width 


T d = 30 nsec + 20 nsec 


= 50 nsec 

N = number of flip-flops used 
As it is 6-stage counter 

N = 6 


/. T CI K = 6 x 50 nsec = 300 nsec. 
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Maxi,m "» f'cqucncv ofopcmti 


Fli p-Flop 


operation of counter 


IIU\ 


l CIK 


c< 


300 nsec " .ion x io * “ 3 33 MHz 
( ! m.i\ 3,33 MHz 


...Ans. 

(Dec. 97. June 99, 8 Marks) 


""vert RS flip-flop to T nip-flop. 

■ 11 **- : Refer Section 8.9. Ex. 6 (jj). 

" h ‘ U ,S n,aMcr sl:,vc flop-flop and what advantage it offers in logic system? 

Ans.: Refer Section 8,7 (Ma * V 98 * 4 Marfc ° 

U t,0tk a,H{ v mput app,ic(l <0 different Rip-flop is shown in Fig. Q., 8.10(a). 

I , . (May 98, 6 Maries) 

LTl_rinr 


CLK 


! ! 


! I 


i ! 


! i 


J L 


R 


L_ 


o* 1 U (jl) 


Draw the output waveforms for the following . 

lii) ^ , " aS,CI 'f avC " i|l_n " |h Thc i " |, “ l ’ K ' '5 '"••'>1 LOW and input 'X' applied to 'J'. 
(") X is connected to level triggered 'ft' flip-flop. 

Ans. : 


1 Clock period 

H H 




I'ig. Q. 8.10 (b) 
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^ I lanation for output waveforms of J-K master slave : 
applied t o J ^ S ’' cn ,0 master-slave FF. The input K is held LOW. so K = 0. Input ’X' is 

When CLK is 0. X = 0. K = 0 

utput w ill be zero as shown in wavefonn but as soon as clock pulse start CLK = 1. X = 1, K = 0. 
For next instant output = l (From truth table of JK nt/s FF, for X = 1. K = 0. output Y = 1) 

v - n /cro ’* lcrc W *H be no change in output. So output continues to be 1. Because for 

^ u - K = ^ = No change. 

Now again X becomes 1. K = 0 output will remain 1. 

Explanation for output waveforms of level triggered D flip-flop : 

From truth table of D— flip Bop. 

If D = 0, CLK = 1; output = 0 
D = 1. CLK = 1; output = 1 


So output depends on input applied to D. 

For first clock pulse CLK = L X = 1. when X becomes 1 at that instant (For high level of clock) 
output of D flip-flop becomes 1. 

It remains 1 till X becomes zero. So output becomes zero at the instant X goes down. It remains zero 
till X = 0. 


But now X becomes 1 when clock is zero. As it is level triggered nip-flop. So its output becomes 1 
at high level of clock. So there is some time delay between input X and output of level triggered D flip- 
flop. 


But output depends on input X only. 

11. Whether a master-slave flip-flop acts as an edge triggered F/F? Why or w hy not? 

(Dec. 98, 6 Marks) 

Ans. : Acutally, master slave FF(M/S FF) is level triggered FF. But as slave follows master, it 
appears or acts as an edge triggered FF. Let's study the operation to clear the idea. 

Refer Section 8.7, page 8-22. 

12. The Fig. Q. 8.12 represents a certain flip-flop function. Identify that flip-flop. 


(Dec. 98, 3 Marks) 
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Truth Tabic 4 

onfni F r °^ scnc P art ^.' n die ^bovc tabic. As shown, when A = 0. even though \vc apply clock pulse 
pu remains as it is i.e. Q n (previous state) observe part II. As A = 1 for each clock edge, output is 

complement of prc\ ious state, means output toggles at each clock edge. 

Therefore truth table is exactly matching with truth table of T flip-flop. 

The flip_nop is T flip-flop. 

13. Modify an asynchronous RS-FF so that when R = S = 1 the FF is set. (Dec. 98, 4 Marks) 

OR 

Design a modified SR FF in which the flip-flop is set when R = S = 1, using a NAND 
memory cell and additional gates. (Dec. 99, 10 Marks) 

Ans.: In SR flip-flop when S = R = 1, flip-flop is in undetermined state (Q = 1. Q = 1). Second 
problem is that, when power supply is switched on, the state of circuit is uncertain. Output is set or reset, 
that is unpredictable. 

Solution is to use preset (also called direct set) and clear (also called as 'direct reset') terminal 
P r —> Preset, C r = clear. 

1 • P r = C r = () - give Race condit ion, because output of NAND 3/4 = 1, so avoid this condition. 

2. P r = 1, C r = 0, this is reswt condition of flip-flop. As C r = 0. Q = 1. As input to NAND 3 is 

P r = 1, Q = 1 and output of NAND 1 is Q = 0. 

3. P r = 0, C r = 1. This is set condition of flip-flop. As P r = 0 and S = R = 1; Q = l. As input to 

NAND 4 is C r = 1. Q = 1 and output of NAND 2 = 1(R = l, CLK = 1) forces Q = 0. 

Therefore using preset and clear terminal we can set flip-flop w hen R = S = 1. 


Preset (P r ) 



Clear (C r ) 


Fig. Q. 8.13 (a) 
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Flip-Flop 


<» Preset(Pr) 


CLKo. 



o Clear(Cr) 

^’8* Q* 8.13 (b) : Block diagram of modified RS flip-flop 
One more remedy over above problem is, simply use an inverter keeping other funtions of SR FF as it 


is. 


Inputs 

Outputs 

S 

R 

Q 

Q 

0 

0 

NC 

NC 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

RACE 

RACE 


SR is set when, S = 1 and R = 0. So one 
can simply put inverter at input to R. 


Tabic 4A 


Inputs 

Outputs 

S 

R' 

Q 

Q 

0 

0 

0 

l 

0 

1 

NC 

NC 

1 

0 

RACE 

RACE 

1 

1 

1 

0 


expected R' 



Fig. Q.8. 13(c) 


Table 4B 

14. What is meant by following terms in a FF : 

(i) Edge triggered. 

Ans.: Refer Section 8.3.4 

(ii) Set up time and hold time. 

Ans.: Refer Section 8.5. 

15. Consider MN-FF in the following Fig. Q. 8.15 which is a modified JK-FF 


(June 99, 4 Marks) 


(Dec. 99, 2 Marks) 
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® ol »«in its characteristic ..,1,1c. 
('0 \\ ntc excitation table of MN-F 

Mo 

CLK o 

N o 


Fig. Q. 8.15 

Ans. : First write the truth table for J-K FF 



In| 

)Ut 

Output 

CLK 

J 

K 

Qn + 1 

X 

0 

0 

Qn(NC) 

_TL 

0 

1 

0 . 

_TL 

1 

0 

1 

_TL 

1 

1 

Qn 


Table 5 

In Fig. Q. 8.15 M is directly connected to input J of J-K FF. Therefore inputs applied at M arc 
directly fed to J input but N is connected to K through a bubble (inverter). So whatever we arc applying at 
N is inverted and fed to K. So characteristic table will change. Output will be different. 

Characteristic table for MN-flip-flop ; 


Input 

Output 

CLK 

M(J) 

N(K) 

Y 

X 

0 

0 (1) 

0 

_TL 

0 

1 -> (0) 

Qn 

J"L 

l 

0 -> (1) 

Qn 

J~L 

l 

1 -> (0) 

1 


Table 6 


Excitation table of JK flip-flop : 


Qn 

Qn + l 

J 

K 

0 

0 

0 

X 

0 

1 

1 

X 

1 

0 

X 

1 

1 

1 

X 

() 


Table 7 


From Table 7 write truth table for MN flip-flop. 
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F lip-Flop 


(Dec. 98, 5 Marks ; Dec. 99, J Marks) 
(Dec. 99, 3 Marks) 
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I 


Flip-Flo p 



III] 

Hit 

Output 

M 

N 

j 

K 

Qn 

Q..+ 1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

0 

1 

1 


Tabic 8 

Excitation table for MN flip-flop ; 


Q„ 

Q.. + i 

M 

N 

0 

0 

0 

X 

0 

1 

1 

X 

1 

0 

X 

0 

1 

1 

X 

1 


Table 9 


16. Hon does the operation of an asynchronous input differ from that of a synchronous input 
m fi flip-flop ? (Dec. 98> Junc 99> 4 jvi ;lr | cs ) 

Ans.. Asynchronous input immediately affects the output, when it is applied. But synchronous input 
will affect output after CLK edge hits. Thus, there is time delay. 


17 . 


The Fig. Q.8.17 represents certain F/F function. Identify that FF. 



(Dec. 99, 3 Maries) 


Fig. Q. 8.17 


Ans. : Refer Section 8.9, Ex. 8. 


□ □□ 
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Syllabus : 

■ Counters — Synchronous / Asynchronous. Counter design 


r 

W Name of the Topic 

Section 

number 

Theory 

Problems t| 

• Introduction 

9.1 

v' 

— 

1 • Asynchronous counter 

9.2 

Y 

s I 

° Terms related to counter and problems in 

ripple counter 

9.3 


✓ 1 

• IC 7493 

9.4 



• Synchronous counter design using TFF, 
DFF, JKFF with Bushing concept 

9.5, 9.6, 9.7, 9.8 


✓ 1 

• Controlled synchronous counter 

9.9 

— 

✓ 1 

• Presettable counter 

9.10 



• IC 7490, IC 7492 

9.11, 9.12 

— 

✓ 1 

• IC 74190, IC 74191 



9.13 

— 

✓ 1 

Analysis of counter circuit 

9.14 

— 




Comment 


Very very very important chapter. 
Concentrate on full chapter very corectly. 
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9-1 Introduction : 


Counter, 


^ [ASKED IN EXAM - MAY 96, DEC. 96, DEC. 97 !!! ] 

The most wide application of FF is counters and registers. The FF is basic element of sequential logic 
s>stcm. Using FF and combination! circuit, any sequential system can be designed 

Counter is most useful and versatile subsystem of digital branch. As mime suggests counter is going 
to count number of CLK pulses applied to it. Basically CLK is timing parameter we introduced in FF. 

lerc ore CLK pulses occurs at regular time interval, so that counter can be used to measure time or 
frequency. 

Counters can be sub-divided into two groups : 


Counter 


Asynchronous counter 
(Also called as serial) 


Synchronous counter 
(Also called as parallel) 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 


Very simple and straight forward in operation. (1) Complex in comparison with asynchronous 
Has speed limitation. (2) Speed is more. 

Next FF is triggered by previous FF. (3) Each FF is triggered by CLK in synchronism. 

Problem of glitch. (4 ) n 0 problem of glitch. 

Settling time is more. (5) Settling time is less. 


( 1 ) 


Synchronous / asynchronous counter can be sub-divided in following sub-group : 

Regular Counter : For building counter, FFs are used. There is direct relation between number of 
FFs used and number of states of counter. 

Let's say No. of state are N, number of FFs are m then relation is given by, 

N = 2 m [!] 

We will consider one more variable n, where n is number of actual states of counter. 

In regular counter number of actual states of counter (n) and number of states given by eqn. 1 (N) arc 
equal. 


n = N 


Let's say FF are 3, N = 2 m = 2 3 = 8. n = 8. 

(2) Truncated Counter : In this ty pe of counter number of actual states of counter (n) are always less 
than nu mber of s tates given by Equation (1) (N). 

n < N 

If FFs are 3. N = 2 m = 8 but n < 8. 

(3) Sequential Counter : As name suggests, states of counter are sequential i.e. 0, I, 2, 3, 4, 5, ... so 
on. 

(4) Non-Sequential Counter : Sequence or states of counter are not sequential but irregular, e g. 0, 3, 9, 
8, 2, 1, 7. 


9.2 Asynchronous Counter : 

Let's start discussing asynchronous counter. Fig. 9.1 shows generalized block schematic of 
asynchronous counter. Asynchronous counter is also called as Ripple Counter. 
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Fig. 9.1 


Observations from Fig. 9 . 1 . 


(1) CLK IN is given to only one FF. 

(2) Normally T type FF is preferred in ripple counter design. 

(j) If you want 'n' states less than 'N' i.e. you want to stop counter in between and restart from 'O' 
(reset) state, reset logic should be used. 

Reset logic is nothing but combinational circuit. This block is optional. 

(4) Q/Q of previous FF. given to next FF, CLK input. Means one FF drives another, therefore this 
counter is called as ripple counter. 


To elaborate the point, remind old Hindi movie, where hero is waiting for heroin at the bank of the 
river. For time pass, he throws stones in the river. If you observe technical part (forget love part), throwing 
stone in water generates circles. One circle drives 2 nd , 2 nd drives 3 rd and so on. It is also called as ripple 
generated in water. The same concept, driving next by previous, is used in asynchronous counter called a 
ripple counter. 

9.2.1 3 Bit Ripple Counter : 

To understand ripple counter let's start with 3 bit ripple counter. 

Refer truth table of T FF, and Fig. 9.2. 

Observation 1 : (1) FF's are negative edge triggered. 

(2) O/P taken from Q (not Q) 

(3) Cascaded O/P s are Q (not Q) 


Steps : 
( 1 ) 
( 2 ) 


No. of states N = 2" 1 = 2 3 = 8. 

Take three FF., Tie T input of all FF to V, 

(3) Apply CLK IN to one of the FF (Normally left most is selected and it will become LSB). Last 

FF becomes MSB. Refer Fig. 9.2. C = MSB A = LSB. 

(4) O/p Q of one FF given to next FF. It is obvious that you will start from LSB and end with 

MSB. 


1 


rrmm - 
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Fig. 9.2 : 3 Bit ripple counter 



CLK 


i B FF 


Truth tabic : 


States of Counter 

Q C 

Qb 

Qa 

Decimal Equivalent 

0 

0 

0 

0 

o 

o’ 

1 

1 

0 

1 

0 

2 

0 

1 

1 

3 

i 

0 

0 

4 

l 

0 

1 

5 

l 

1 

0 

6 

l 

1 

1 

7 

0 

0 

0 

0 


Fig. 9.3(b) 


Working : 

Please refer Fig. 9.3 (a) and (b) [Q c Q B Q A = CB A] 

(1) Initially all FF's are reset (assumed to be at) CBA = 000 

(2) When 1 st CLK edge hit^ A will toggle from 0 -> 1 (rising edge), 

"•* * B and C are unchanged. /. CBA = 001. 

(3) When 2 nd CLK edge hits, A will toggle from 1 -> 0 (falling edge, shown in waveform). 

» 
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B toggle from 0 -> 1 (rising edge), 
fd\ «« C 1S u . nchan 8cd. Finally CBA = 010. 

• n n \ cdgc ,lils ' A t0 88 lc from 0 -> 1 (rising edge) 

• • B and C arc unchanged. 

CBA = 011. 

. 1 p CLK edge, A will toggle from 1 — > 0 (falling edge), 

• • B toggles from 1 -> 0 

(falling edge, shown in the waveform), 

a C th Changcs from 0 -» 1. CBA = 100. 

* ^ CLK edge, A will toggle from 0 — » 1 (rising edge) 

• • B and C arc unchanged. 

CBA = 101 

(7) At 6 CLK edge, A will toggle from 1 0 (falling edge), this will force output B to toggle. B 

W1 CBA- C 1 It) 01 ° 1 ( risin 8 edge). As B provides rising edge, C is unchanged. 

(8) At 7 CLK edge, A will toggle from 0 — > 1 (rising edge), 

B and C both arc unclianged. 

CBA =111. 

(9) Finally at 8 lh CLK edge, A will toggle from 1 -> 0 (falling edge), this will force output B to 
toggle. B will toggle from 1 -> 0 (falling edge). As B provides falling edge to C, C also 
toggles. C changes state from 1 -> 0. Thus 3 FF changes state from 1 -> 0 . 

•\ CBA = 000. We have started our discussion with CBA = 000. 

So cycle will repeat from point No. 1. 


Note: (1) Falling edge of A FF changes state of B FF ONLY. 

(2) Falling edge of B FF changes state of C FF ONLY. 
(3) REMEMBER THAT ONE FF DRIVES ANOTHER. 


Counter states are represented in Fig. 9.3(b). 

Conclusion : 

(1) No. of actual states of counters are n = 8 as N = 2 3 = 8, .-. regular counter. it is also called as 
Modulo 8 counter. (Reference Section 9.3.2) 

(2) Counter is counting up. 0, 1, 2, 3, ... 


Note : Counter will count up or down depends upon transition (+ or -) which drives the FF ; Q or Q 
used for cascading and finally, the output we take. Let's represent it symbolically. 


v/here, U f 


Pn 


Qi 


= 1 -up counter 
= 0 -down counter 

= 1 -negative transition (FF used is negative edge triggered) 
= 0 -positive transition (FF used is positive edge triggered) 

= 1 -Q cascaded 

= 0 -Q cascaded 
= 1 -output from Q 

= 0 -output from Q 


We can write a simple boolean equation for this, i.c., 


Up = 


p„ ® Q, ® Q, 


We will have different cases, as listed follows : 
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Case : 


I 


Pn= 1 

Qt = i 

Qi = 1 

•• u p 

= 1®1©1 = 1 

/. counter is up 

11 

=> 

Pn= 1 

Q« = 1 

Q, =o 

•• u p 

= 10100 = 0 

/. counter is down. 

III 

=> 

Pn = 0 

Qt=i 

Q. = i 

••• u p 

=00101 =0 

/. counter is down. 

IV 

=> 

Pn = 0 

Q, = i 

Q, = o 

•• u p 

= 00100 = 1 

.-. counter is up. 

V 


Pn= 1 

Q t = o 

Q, =o 

••• U P 

= 10000 = 1 

/. counter is up. 

VI 


Pn = 1 

Q, = o 

Qi = 1 

••• Up 

= 10 0 0 1 =0 

/. counter is down. 


9.3 Terms Related to Counter : 


Before we proceed further, vve would like to study few terms related to counter. 

9.3.1 State Diagram : 

State diagram means graphically representing the states of counter circuit, 
e.g. for 3 bit binary' ripple up counter state diagram can be drawn as, 

Arrow shows flow of counter 

0-0— <D^© O— 

©* @< — ©*— ©« — Q< — 0< — © 

State of counter 

F'g. 9.4 Fig. 9.5 

For 3 bit binary ripple down counter, state diagram is as shown in Fig. 9.5. 

Note : As shown, in counter, we don’t have any input(s) or output(s). We are simply concerned with 
the state of the counter. Therefore, on the top of the transition arrow, showing change of state, 
we haven't shown any input / output combination(s). ^ 


9.3.2 Module N Counter : 

If it is desired to have modulo N (mod - N) counter, the number of F.F. required is determined by. 

N < 2 m m = Number of F.F. 

Let say m = 4 N= 16. But if we require only 10 states out of 16, then it is called as 
moduls - 10 (Mod - 10) counter, but required FFs will be 4 only. 

Mod - N can be achieved by reseting the FF. This should be done at the N state. In Mod - 10, 
counter will count from 0 to 9 , and at 10 th state it will reset back to 0. Mod - 10 counte is also called as 
decade counter. 

Uptill now we have seen that counter is sequential and number of states provided are N = 2 m . Now 
let's take case of truncated ripple counter when n (number of actual state) < N. 


Ex. 1 • Design mod - 3 ripple (asynchronous) counter. 
Scanned by CamScanner 
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n < N - 2 m 3 < 2 m 
2 FFs arc required. 
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Counters 


in = 2 


(-’) Here FF used should have clear terminal for resetting or clearing. 

(4) Assumption . Considering FF and gates arc having ‘O’ propogation delay. 

(5) Reset logic circuit required to tenniaate count after 2. 


Qn 

Qa 

0 

0 

0 

1 

1 

0 

1 

1 


— > 0 
-> 1 
— > 2 
— > 


Valid states 



3 Invalid state so whenever this state occurs counter should be 
CLEARED (Reset). 

Normally CLR terminal is ACTIVE LOW /. Design a reset logic combinational 
circuit such that output Y (Refer Fig. 9.1, block schematic) should be 1 when valid states arc there and 
- 0 when Invalid states are present 


Qb 

Qa 

YO/P 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 1 

1 

0 


K-Map : 



Y = A + B ...(a) 
= AB ...(b) 


Circuit : 



Fig. Ex. 9.1(b) 
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Counter is up counter. Therefore FF should be negative edge triggered, cascade 0 O/P and final Of? is 
*8 cn from Q. Tire final circuit is therefore shown in Fig. Ex. 9.1(b). Observe waveform 



Fig. Ex. 9.1(c) 

Working : Refer Fig. Ex. 9.1(b) and Fig. Ex. 9.1(c) (Q 3 Q A = BA) 

(1) Initally all FFs arc cleared. 

•*.BA = 00; /. Y=1 

(2) When 1 st negative CLK edge hits, A toggles 

A= 1, .-. BA = 01 ; /. Y = 1 

(j) At 2 nd hit of CLK edge, A toggles from 1 — > 0 (negative edge), 

.*. B also toggles from 0 — » 1. 

.-. BA = 10 /. Y= 1. 

(4) When 3rd CLK edge hits, A will toggle from 0 -> 1 (positive edge) 

B = unchanged .\ BA = 11 
/. Y = 0. As Y = 0 , all FFs will be cleared, 
and BA = 00. As BA = 00 Y = 1 again. 

The sequence from BA = 1 1 to BA = 00 , is so fast (as propogation delay is considered 0 q sec.) 
that, it is not possible to observe 1 1 condition on waveform. Y waveform pulse is also very sharp and of 
very very small duration. 

Thus counter will run 0 1 — » 2 — > 0 . 


Ex. 2 : Design modulo 6 ripple counter. 
Soln. : (1) State diagram = 6 states => 0 to 5 



(2) No. of states N = 6 /. n < N = 2 m 


6 <2 


m 


m= 3 
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0 ) Design of reset circuit. 

Truth table is. 


K-map : 


N = 2 m = 2 3 = 8 

but n = 6 




Valid V 


Invalid 




{ 


c 

B 

A 

Y O/P 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 



Points : 

(1) Counter is up counter, we have to cascade Q output, - ve edge triggered FF and final output 
from Q. 

(2) FF should have ACTIVE LOW reset (clear) terminal. 

(3) Propogation delay presently assumed 0 n sec 
Circuit : 



Scanned by CamScanner 


Counters 




Fig. Ex. 9.3 

Soln. : Observe state diagram. 

Conclusion : 

(1) Counter is down counter 

(2) Valid states are 7, 6, 5, 4, 3. 

(3) Invalid states are 2, 1, 0. 

(4) After 3, counter jumps back to 7 state. .*. Counter should be resettable type i.e. FF should have 
RESET terminal. Assume that RESET is ACTIVE LOW. 

(1) No. of FFs required 

Max. state is 7 .*. 7 < 2 m .-. 

As m = 3, N = 2 m = 2 3 = 8 (0 to 7) 

(2) Design of reset circuit. 

Truth table 


Invalid states 


Valid states < 


c 

B 

A 

Y output 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

0 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

1 


m = 3 
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Fig. Ex. 9.3(a) : Circuit diagram 
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Fig. Ex. 9.3(b) 
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9.3.3 Problems Involved In Ripple Counter : 

^ [ASKED IN EXAM - MAY 96, DEC. 97, MAY 97, MAY 98, JUNE 99, DEC. 9911! ] 

Mainly two problems arc attached with ripple counter. 

(1) Glitch • » Propagation delay of Reset logic. 

^ P-) Propa gation delay » propagation delay of FF. 

GLITCH : 

In example 1 assumption was made that propagation delay through FF and reset circuit is 0 r| sec. But 
practically this situation doesnot exist, therefore glitch occurs. 

Let s consider propagation delay of reset logic. 

For analysis let's consider example 1 states are 0, 1, 2. Redraw the waveforms considering propagation 
delay of reset CLK. 


CLK | 

rrrr 

r \ 

□ ? 1 1 
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: i : 

: : : I 

:• 
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Glitch i 
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q b ; 

1 o 1 

l •••*•: 

i 

i 

1 o 1' 1 

it 

i i 

T1 1 

o j 
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Decimal state : 


i " 
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■ J L; 




r* — : u : — — 

;! 1 ^ 

e- 





Y output ; 

; : i ; 1 

l 1 i i i 

L ,.. k J ,, ,.,,1 


□L ! ' i 1 


Reset 

period 


V 





: 




Fig. 9.6 

Working : 

Refer Fig. 9.6 and Ex. 1 (Q A = A Q B = B) 

(1) Initially ali FFs are reset. .*. BA = 00 .\ Y = 1 

(2) When 1 st CLK edge hits, A will toggle .\ BA = 01, .*. Y =1 

(3) At 2 nd CLK edge, A will toggle from 1 -> 0 (negative edge), B also toggles. .\ BA = 10. 

.-. Y = 1 

(4) When 3 rd CLK edge hits, A will toggle from 0 -> 1 (positive edge), .*. B is unchanged. 

.-. B A = 1 1 

Reset circuit is designed in such a way that, when 11 occurs Y = 0. But appearing of logic 11 at 
NAND input, getting settled, then propagate through NAND and appear at output, then resetting the FF 
will take sometime in T| sec. During this period BA = 11. This condition is invalid condition and as in 
Fig. 9.6, Q a produces unwanted short duration pulse called glitch. 

Propagation Delay in Ripple Counter 

Basic principle of operation of asynchronous counter is, each FF is triggered by the transition at the 
output of preceding FF. Each FF lias internal propagation delay, means second FF will not respond unless * 
and untill a propagation delay time, after the first FF receives an active clock transition. Third FF will 
not respond untill a time equal to twice propagation delay (2 x tp d ) after that clock transition. 

Thus propagation delay of FF accumulates so that N lh FF cannot change state unless and untill, time 
equals to N x t pd after the CLK transition occurs. 

To understand this refer waveforms in Fig. 9.7. 

Q c misses one CLK period we get random states. 
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Part 'A' 


y x 


10 r| sec 20 r| sec 


Fig. 9.7 


Refer Fig. 9.7 (Q A - A, Q B - B) Propagation delay of one FF = 10 r| sec. 

(1) Initially both output BA = 00 

^ 1Cn ^ lrs ^ CLK edge hits, A changes from 0 — > 1. As shown Q x changes states 10 r| sec after 
CLK edge hits. (Part (a)) 

(3) In second CLK edge Q A changes from 1 — > 0. Transition occurs 10 p see after CLK edge hits. 

Qa Provides negative transition (1 -» 0) to .B FF 

*’• Q? chan S es state from 0 -> 1, 10 p sec after the transition of Q A . 

uiLjl rcs P ec t to CLK edge Q B changes state after 20 q sec. (part (b)). 
i.e. 2 FF x 10 ri sec = 20 t| sec. 

Tliis propagation delay causes limitation on CLK frequency input, let's see in next example. 
ba\ CLK pulse duration is 100 p sec. Propagation delay of each FF is 50 q sec. 
he waveform m Fig. 9.8 are for 3 bit ripple counter. Actually states should be 0, 1, 2, 3 4 5 6, 7 
But due to propagation delay of FF and high CLK frequency states are random. 

50 q 
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Fig. 9.8 

Observe the waveform. 

(1) Q a changes the state (0 -> 1 or 1 0) 50 q sec after tlie CLK edge hits. Means Q A changes in 

the mid of the CLK. 

(2) Q b clianges the stale, 50 q sec, after Q A changes, 
with respect to CLK edge Q D clianges after 100 p sec. 

But as CLK is of 100 p sec duration, we expect that after each 100 p sec, output should change 
but that is not achieved. 

(3) Q c clianges the state, 50 p sec after Q B clianges. 
with respect to CLK edge, Q c clianges after 150 p sec. 

Qc misses one CLK period .*. we get random states. 
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For ripple counter, following equation provides relationship between CLK period, number of FFs used 
<md propagation delay of FF. 


Time period of CLK (T CLK ) > N x 


"here. 




t pd = Propagation delay 
N = No. of FFs 


CLK N t 


P d 


9.3.4 Power On Reset Circuit : 


Whenever counter working was discussed, it was assumed that initially everything is reset. Whenever 
power supply is switched ON ; one cannot predict the output state of FF. Therefore Clear terminal is 
pro\ ided. But clear terminal requires some external circuitry to force it self 'LOW' so that it can provide Q 
- 0 (some known state). This external circuitry is nothing but power ON reset circuit. Refer Fig. 9.9. 



As shown in Fig. 9.9, (counter states are 0, 1, 2). In addition one RC n/w with AND gate is used. So 
either of the input is LOW output of AND is LOW, FFs will be cleared. 



Fig. 9.10 
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Working! 

When Fi o W 9 l0(a)and (b) ' 

charging. Ac chaSne' dn S "! [Chc< \ 0N ‘ Vcc wiu a PP car acros s RC n/w at time V ,\ Capacitor will start 
,CVcl V TH (Threshold vol^e) C c^fIC^ n n C U ™. C0 ? stant - Whcn ca P acilor 'oltagc (V out ) reaches to 

as LOW locic • Fnr A .• p ( C) V,H considcr « as HIGH logic. Below threshold it is considered 
\Vho n " *> ~ ° Ulput 0f AND £ atc ^ 'O’ a FFs arc cleared. 

• 'CLrAR^ Cr '7^r^' lrOU8h Sta,CS and AB = 1 0ut pat of NAND is equal to 0. 

■^^CLEAR 1 (CLK)_ I 0, as AND output is ’O' FF will reset. 

Soln. : Requiremcnt binary UP/d ° Wn r ' Pple counter with control input of up/dn. (dn = down). 


(1) 4 bit ; 4 FFs 

( 2 ) ripple counter. 

(3) up/dn terminal 

UP/DN 


are required. 


• up/dn. - 0 — > up operation 
up/dn. = 1 — > down operation. 



Fig. Ex. 9.4(a) : 4 bit binary up/dn counter 

Regarding points (1) and (2), you are aware. Regarding point (3), we want one control terminal in such 
a way that counter will start either up or down counting. Recall equation studied in Section 9.2.1. Just by 

changing cascading from Q to Q , counter changes from up to down counting. We are going to use same 
fundamental. 

Case I : When up/dn control terminal = 0, x = 1. Therefore AND gate 1, 3, and 5 will be transparent, 
thus cascades Q output. Whereas AND gate 2, 4, and 6 produces continuous ’LOW’ output 

irrespective of Q. Therefore counter counts up. 

P n = 1 Qj = 1 Q t - 1, Up = 1 © 1 © 1 = 1 -» up counter 

Case II : When up/dn control terminal = 1, x = 0. Therefore AND gate 2, 4 and 6 will be transparent, 

— 0 

thus cascades Q output. Whereas AND gate 1, 3 and 5 produces continuously TOW' output 
irrespective of Q. Therefore, counter counts down. 

P n = 1 Q, = 1 Q t = 0 U p = 1 © 1 ® 0 = 0 -» down counter. 

9.4 1C 7493 (4 bit binary counter) : 

Let's study TTC MSI circuit of 4 bit ripple counter implemented in IC 7493. 
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Fig. 9.11 

In I C 7493, 

Q d Q c Q b Q a =$ Binary output of FF. 

Input A => CLK IN of FFA 
Input B => CLK IN of FFB 

R 0 (l)» R 0 (2) => ReSCt P in 

When Ro a) = ^ ( 2 ) = 1 Reset wil1 occur - 

Fig. 9.11 shows logic diagram of IC 7493, It shows that FFA is independent i.e. output is not 
cascaded to next FF. But FF B, C and D arc cascaded. we have individual, internally two counters, + 2 
(Mod 2) and + 8 (Mod 8). If we combine both counter we get 2 x 8 = 16 state counter or mod 16 counter 
or -f- 1 6 counter. 

When we connect Q A output to input B and CLK IN given to Input A only, it becomes simple 4 bit 
binary' ripple counter. Truth table as follows. 

! ' , ;! 
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• R om 1 k o(2) 

CLK 

% 

Qc 

Qn 

Qa 

1 
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0 

0 

0 
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0 
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0 
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0 

0 

-l 

0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 


0 

0 

1 

1 

0 

i 

0 

1 

0 

0 

0 

i 

0 

1 

0 

1 

0 

i 

0 

1 

1 

0 

0 

i 

0 

1 

1 

1 

0 

i 

1 

0 

0 

0 

0 

i 

1 

0 

0 

1 

0 

i 

1 
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i 
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i 
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1 

0 
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i 

1 
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1 

1 

1 

1 




Ex. 5 : Implement + 9 counter using 1C 7493. 

Soln. : Procedure is same as when we design mod -N ripple counter. 

(1) -s- 9 means mod - 9, required states are 9 (0 to 8) .\ FF used arc 4. 

(2) Reset circuit should generate 'O' output for valid states (0 to 8) and T output for invalid states (9 
to 15), because if R 0 (1) and R 0 (2 ) both are 1, then only IC 7493 resets. 

(3) Design reset circuit. Draw K-map. 

DC DC DC DC DC 

11 10 


BAN 
BA 00 

BA 01 

BA 11 
BA 10 


00 


01 


o 

o 

0 

4 


9 ) 

12 

0 

8 

0 

1 

0 

5 


ft 

;> ' ; 

13 


9 

0 

3 

0 

7 


{7 

15 

T 

11 

0 

2 

0 

6 


’ : :7 : 

Ld 

' 

14 

i 

^10 


Y = BD + AD + CD = D [A + B +C] 
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(4) Circuit : 


+ 5V 


1 4 u[± 


GND 


JUT. 

v cc 


R 0(l) 

CLK IN 

r 

I/P A 

1C 7493 

R 0(2) 



I/P B 



Q B Qc Op 


13 


10 


12 




Reset circuit 


Fig. Ex. 9.5 (a) 


9.5 Synchronous Counter 


In asynchronous counter mainly two problems were present, glitch and delay in counter. To avoid this, 
synchronous counter came into picture. Synchronous counter is now most widely used. Generalized block 
schematic of synchronous counter is shown in Fig. 9. 12. 



Fig. 9.12 : Block schematic of synchronous counter 
Observation from block schematic : 

(1) CLK pin of all FFs are tied together, so that FF changes output in synchronism. 

(2) O/p Q given to combinational logic circuit. This circuit is designed in such a way that G A G B G c 

generated from it, applies proper logic to input of FF, so that wc get correct next state. 

(3) O/p Q depend s upon previous input of FF, when CLK edge lilts. 

Note : Presently in block diagram, JK is tied together. But this will not be the case every time. JK can 
be controlled separately by combinational circuit. 

Basically we are going to design synchronous counter using, 

(1) T FF 

(2) D FF 

(3) JK FF (also J K master slave ) __ 

Note : Refresh excitation table of each FF. 
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9.5.1 Type T Design : 

Let s star t designing synchronous counter using T FF. 

Ex. 6 : 


Counters 


Soln. 


Design mod 4 regular sequential synchronous up counter. Using T FF 


(1) No. of states are 4. for mod - 4 counter. 

(2) Regular means n = N. 

0) No. of FF required will be 4 < 2 m .-. 

(4) Sequential and up means 0, 1. 2. 3. 

(5) /. state diagram is Fig. Ex. 9.6(a). 


m = 2 


(°) — KD — *Q — <7) 



Fig. Ex. 9.6(a) Fig. Ex. 9.6(b) 

(6) FF A and B are used. G A and G B are output from combinational circuit to provide proper input to 

T FF. .*. circuit will be as shown in Fig. Ex. 9.6(b). 

(7) Design of combination circuit to generate G A , G B . 

Step 1 : For generating truth table, depending upon number of bits (FF), write down sequentially all 

states. 

In our case 2 bits (FF) are used, states are 4. 


A 

0 

0 

1 

1 

; A = MSB 

B 

0 

1 

0 

1 

B = LSB 

decimal 

0 

1 

2 

3 



Here Q, = A,Q D = B for simplicity 


Step 2 : 


A 

B 

0 0 11 

0 10 1 

(Prev.) (Next) 

G A 

g b 



Note : Prev. = Previous 


from state diagram, and it will be obviously next state. 
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In our case 1 st state = AB = 00 => Previous state. 

2 nd state * AB = 01 => Next state. 

Qi< Step 4 : Now refer excitation table of T FF. treat change of state for A and B hulividually and write 
St down G a and G n The step is explained as follows : 


A 

B 

(Qi o i i 

0 1 0 0 1 

A 

Gn 

0 

1 


As A changes from 0 -> 0 /. G A (T A ) = 0 

B changes from 0 1 .*. G B (T n ) = 1 

Step 5 : Now treat previously next as previous state, i.e. AB = 01 which was next state previously, will 
be NO]]' previous state. Refer state diagram and find next state. In our ease it will be AB = 10. 
Again the procedure is same as STEP 4. 


A 

B 

°- 1 

0 10 1 
[Prev.] [Next] 

G a 

g b 

0 1 

1 1 


As A changes from 0 1, .*. G A (T A ) = 1 

B changes from 1 — > 0, G B (T B ) = 1 

Step 6 : Now previous state = AB = 10 and Next state = AB =11. again follow STEP 4. 


A 

B 

0 0 £>1 

0 1 (Ol 

[Prev.] [Next] 

G a 

g b 

0 1 0 

1 1 1 


As A changes from 1 -> 1, G A (T A ) = 0 

B changes from 0 -» 1. G B (T B ) = 1 

Step 7 : Finally previous state = 1 1 and next state = 0 0. Next we are completing full chain of counter. 
Follow step 4. 



As A changes from 1 -» 0, G A (T A ) = 1 

B changes from 1 -> 0, G n (T D ) = 1. 
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tnith tabic, next step is to draw K-Map. 
\ A 


Counters 


V 


0 

0 

0 

2 




m 

i 

3 






r i 

. 0 

ft 

2 


11 

1 


1 


3 


Gr = 1 = V 


step 9 : Draw final circuit diagram. 

Already we have drawn half 

ly some connection. 


cc 


combinational block by direedy 35 ^ *" Rg Ex ' 96(b) ' 0nlv Ihi »S « <o replace 


examnla u, S ° that we havf?n ' 1 9 ot complicated boolean expression for G, and G R In next! 
gagElevrewNIsee that, block is ranlanaH hy »mh - rxp 



_ CLKIN 

< ~tltl 


Fig. Ex. 9.6(c) 

Let's draw tlie waveforms and analyse working of circuit. 



Fig. Ex. 9.6(d) 


Working : 

(1) Initially counter is Reset, AB = 00 

(2) At 1 st CLK edge, T A = 0 as B = 0, T B = 1. 

/. A remains constant as Q B toggles from 0 -> 1. .*. AB = 01 

(3) At 2 nd CLK edge, as T A = 1 (because B = 1) and T B = 1, 

A and B both will toggle, giving AB = 10 
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AB = 11 


(4) At 3 rd CLK cdoo T - A ~~ ' — 

gc. T a - 0 as B = o and T x = I. 

••• A = unchanged. B = toggle 
< 5 > FuM * al 4lh CLK edge. T a - I and B - I. T„ . I 

N'o« the Mh,t B 2°"' '° 88lC rr °"' ' AB = 00 

states. ’ ^ anc * ^ continue till CLK is present, and counter generates required 

I-f* 'o 

falling edee is dinwn'V'i '^^n 1 ! * n ^ ^ with waveforms of ripple counter, vou will find that 

changes state OnTy " ta CLK ed^e ll °" Q '' °' Qb °" ,PUt ' CLK “ SynC " ro " ,ZCd C ° U " ,er 

T a "l and . M Ss°?o U gg B ,I ° R QUERY ttal When ' S ' CLK ° dSC hUs ' B C '" nSCS fr ° m ° ^ ' 

r P1 

settled dnwn C H^°r doubt * s ^ changes front 0 -* 1 after propagation delay of 1 FF, then it gets 
is over hem n tCr 1 1 signal is capable to toggle A. But till B gets settled to l. CLK edge duration 
hut rhano 1 USC C ? CS are s ^ ar P and of short duration. .*. A cannot toggle depending upon next state of B. 

to previous state of B, This point is very very tn^portant. 

Now onwards we are going to solve more example. But the methodology will be same either it is 
- TFF or D FF or JK FF or SR FF. 


Ex. 7 


Design synchronous counter for state diagram shown in Fig. Ex. 9.7. 

e g)— >0 — <E>— <D — <p — 


Fig. Ex. 9.7 


Soln. 


( 1 ) 

( 2 ) 

(3) 

(4) 


Counter is sequential, but truncated 

No. of states n = 6. /. n = 6 < 2 m , m = 3 

As m = 3, 2 3 = 8 = N ,\ n < N (truncated counter). 

Up counter (observe from given sate diagram) 

Truth table for designing combinational logic circuit. 


A 

(fT 

0 

-> 

0 

-> 

0 

-> 

1 

-> 

-\ 

1 

1 

1 

B 

o*-> 

0 


1 

-> 

1 

-> 

0 

-> 

0 

1 

1 

C 

Q -» 

1 

-» 

0 

-> 

1 

-> 

0 

-> 

1 

0 

1 

g a 

0 

0 


0 

• 

1 


0 


1 

X 

X 

Gb 

0 

1 


0 


1 


0 


0 

X 

X 

G c 

1 

1 


1 


1 


1 


1 

X 

X 


-> V 


CX' 


Fig. Ex. 9.7(a) 


As shown in Fig. Ex. 9.7(a) truth table, valid states are only 0, 1, 2. 3, 4. and 5. Therefore, for 
invalid states i.e. 6 and 7, G A , G B and G c are takes don't care conditions because we know that these 

states are not going to occur. 
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(5) K-Map for G A , G„ amt G r : 

\ A 7v A 

BC x 0 1 


pi 

( 


> 


HU oo 

HC 01 

BC 11 

BC 10 


0 


0 


€ 


o 


0 




m 


X 


G A = BC + CA 
= C ( A + B) 




(6) Circuit 



Fig. Ex. 9.7(b) 


(7) Waveforms : 


CLK 



i i { 2, 

Qc 

11 1 


j \ j ' 

°B 

0 j 0 

°A 

6 j o 


3| ? 4| i 5| ; 6| : 7 1 8| 


CLK 

pulse 


Decimal state 0 i 1 


i i 

i ? t 


1 | 0 j • 0 | 0 } 0 

"T~ 


i 


T 


I 

I 7 


t 

i \ 
i 

+ 


i j i o j o 1 1 o 

2 i 3 4 ! 5 ! 0 I 1 I 2 

st 

1 cycle M 2 cycle 


Fig. Ex. 9.7(c) 

Ex 8 • Design synchronous, non-sequential counter. 
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Counters 


(2) While dcsiE > nr CfJUCntial <1S We H as tnmcntcd 

maximum count^oHh 1 SCC * ucnt ' a * counter, instead of number of state you should consider 

... 1C statc hi our case maximum count of a state is 7. To represent 7 in binary 

rcqoirc 3 bits (1 1 1) and therefore ' ’ 


As m = 3. 


n = 2 3 = 8 


m = 3 


down « s fi nfc l ^! c as t0 *^ ' n ^ x - (2). step I. depending upon number of bits (FF). write 

aoun states sequentially. In our case N = 8 as m = 3. 

( 4 ^ Truth tablc SU PP 0SC l ° ' VT * te down h to 7 sequentially, refer Fig. Ex. 9.8(a)(Tmth table) 


A 

A 

0 

0 

0-7® 

JV 

1 

1 

7-5© 

1 

1 

— » 

MSB 

B 

0 

0 

3—0 (^) 

1 

1 

5-3© 

0 

0 

1 

1 



c 

0 

1 

0 

1 

0 

1 

0 

1 

-> 

LSB 


0-7 



3-0 


5-3 


7- 

_5 


g a 

1 

X 

X 

0 

X 

1 

X 

1 



g b 

1 

X 

X 

1 

X 

1 

X 

1 

-> 

V C c 

G c 

1 

X 

X 

1 

X 

0 

X 

1 



Step 1 : 

Step 2 : 
Step 3 : 

Step 4 : 


Fig. Ex. 9.8(a) 


Step 5 : 

Step 6 : 
Step 7 : 
Step 8 : 


Write standard table A. B. C and G v G B , G c . 

Write 0-7 states sequentially under A, B, C. 

Write down X (don't care) for invalid states. For our case invalid states are 1. 2, 4, 6. .-. for 1, 
2, 4. 6. G a , G b , and G c are X (don't care). 

Now the steps are standard. 

Start from 1 st state of state diagram i.e. 0. Next state is 7. 

So the transition is as shown in Fig. Ex. 9.8(a) by (a). Previous state of ABC = 000. Next 
state of ABC =111. 

G a , G b and G c = 1 1 1, written under column ' 0 - 7 ' (shown in Fig. Ex. 9.8(a)). 

2 nd transition is from 7-5 (shown by arrow (b) ). 

ABC changes from 111 to 101. .’. G A = 0, G B = 1 and G c = 0. written under column 
’ 7-5 ' 

3 rd transition is from 5-3 (shown by arrow (c) ) ABC changes from 101 to 01 1. .*. G A = 1, 
r, = 1 and G r = 0, written under column ' 5-3 '. 

Final transition is from 3 to 0 (3 -> 0) (shown by arrow (a) ). 

ABC changes from 01 1 to 000. .-. G A = 0 G B = 1 G c = 1, written under column ' 3 - 0 ’ 
After going through one full cy cle draw K-Map, 
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1 


CLKIN 


9.6 Bushing : 


Fig. Ex. 9.8(b) 

fc> 


[ASKED IN EXAM - MAY 96, MAY 97, DEC, 97 !!! ] 


If you observe examples solved uptill now, in full sequence ’O' is always present 
and once counter enters in valid state, it will continue the chain unless and untill power t___J 

supply is switched off. To enter in the chain we use power on reset circuit, therefore first Fig. 9.13(a) 

state is normally 'O'. 

Problem : 

(1) In some of the applications we don't require 'O' state at all. 

(2) Secondly due to power supply fluctuation (glitch of power supply), Electromagnetic interference 
and RFI (radio frequency interference), it may happen that counter will enter in invalid state. In 
Ex. 8. invalid states are 1, 2, 4, and 6. 

If due to problem stated above it enters in to invalid condition then what will happen ? 

Here your luck factor counts. 

(1) LOCK OUT STATE (IF LUCK IS BAD). 

It may happen that counter will lock itself in invalid states only. Let's say in above case counter enters 
into state 1, because of logic circuit next state happens to be 6. After 6 next state happens to be 1 (oh, 
no). Then counter will toggle between two state only, as shown in state diagram. 
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Cosir. V ; rs 


Blit don't tn r t ^ Cn0U ^' a ^ ,cr cntcr * n 8 hito invalid state it may switch over to valid stale 

state diae ^ ® c ^ lcc ^ J our hick. Take precaution. As a precautionary step we implement bu*Jtin% to 

though it cute US ^' n ^ mcans branches. We arc going to branch invalid states in such a way that even 

FoIInwinr, lnl ° * ma ^ sta,c a ^ ,cr onc> hvo or three CLK ticks it will enter into valid state chain, 
tire some of the examples for implementing bushing in Ex. 8 : 




(c) Enter in valid chain after one CLK 



Fig. 9.13 


Thus one can have 'n' number of combinations. Choice depends upon designer. 


Ex. 9 : Implement synchronous counter for state diagram shown in Fig. Ex. 9.9 
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n. ■ Procedure for^T T ~ " “■ — — ! — — — — Counters 

bushing. r ,n ,n blc is same as previous example. The problem is states with 



As shown in Fig. Ex. 9.9(a) truth table, you can start initially with main loop i.c. 3. 7. 6, 1. 3. 
roccdurc is same as previous one. The figure shows 0-7 means previous state is 0 and next is 


After completing main loop, you can take branch by branch. 
For our case. 

First branch is 2. 4, 3. 2 — > 4 and 4 — — > 3. 

Second branch is 5, 7. 5 > 7 

Third branch is 0, 7 3 — > 7 

Accordingly you write down G A , G B and G c 

(4) K-Map : 



\ A 

BC\ 

' i 

k 

0 

i 


00 


| 

m 




o; 


4 

01 


■ 

11 



1 


5 

11 

0 

0 



3 


7 

10 


i 

i 




A 2 

. ■ 

6 


r 1 

1 


G ^ = C + AB 


Gq — B *f c 
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Excitation tabic for D FF is already known to us. Methodology for designing counter using D FF is 
same as that of T FF. You track for changes in the state and accordingly write G /V G„ and G r and so on. 


Ex. 10 : Design synchronous counter for state diagram shown in Fig. Ex. 9.10 using D FF 



Fig. Ex. 9.10 

Soln. : (1) Given counter is Mod - 10 or decade counter 

(2) 9 < 2 nl 

m = 4 No. of FFs are '4'. 

N = 2 m = 2 4 = 16. 

(3) While writing truth table write all states sequentially . 
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•igrnni : 



Combinational logic 

Fig. Ex. 9.10(a) 


Ex. 11 : Design synchronous counter using D FF. 



Soln. : 

(1) Counter is non sequential with busing. 

(2) No. of FFs required are 7 < 2 m m = 3. 

2 m = n = l} - 8 0-7 states are present. 

(3) Truth table. 
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Ex. 12 : Design counter to go through the following states 0-1-3-4-6-0 Draw the logic diagram. 
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s °ln. . (]) No. of FFs required will be 3 

(-) Stale diagram : Refer Fig. E\. 9.12. 
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0 © 



Scanned by CamScanner 


9-33 


Counters 


J3iSjta|_ 

— lyReJKDesignT 


Wc have alnndv * ' S ll1 ° St " lde,y uscd f ,crc J and K terminals arc controlled separately. 

‘ ,,rc aa\ generated cxcuation table for JK-FF. 

block schcnntir fo UCr d, " Mgn ^° CS ' mcl,lod 1S Mmc ns NVC followed uptill now. Fig. 9.14 shows generalized 
,lcm atic tor counter using JK 



Fig. 9.14 

As shown in Fig. 9.14. 

(1) CLK IN of all FFs are lied together, (synchronous counter) 

(2) Q a . Q d , Q c outputs are fed to combinational circuit. 

(3) Depending upon next state combinational circuit generates proper J and K. input for A. B and C 
FF. 

Note : Number of FFs may be of any numbers. 


Ex. 13 : Design a modulo - 6 counter using JK FF. Explain its action by writing a truth table and draw 
wavefoms for the outputs of the flip flops. 

Soln. : (1) State diagram. Modulo 6 means 0 to 5. 



Fig. Ex. 9.13(a) 

(2) No. of FFs required will be 3. N = 2 m = 2' 1 = 8. 
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(3) Truth Tabic : 





K-Map : 

V 0 

nr\ _ 

1 

00 

0 

X 


0 

4 

01 

0 

X . 


i 

5 




11 

(i 

x) 


3 

7 

10 

0 

X 


2 

6 


j a = bc 
bc< _ 1 


X 

0 

X 

4 

fx 

1 

5 

l 1 ' 

X J 

3 

7 

0 

2 

X 

6 


K 0 = C 


R \ 

A 

0 

1 


bO 




00 

X 

0 



0 


4 

01 


rx 

II 




: *1 


5 






11 


. 

vx 

XJ 



3 


7 

10 

X 

X 



2 


6 


Ka 

= c 


\ 

bc n 

A 

0 

1 





00 


ii 





0 


* 

01 


X 

X 




1 


5 

11 


X 

X 




3 


7 

10 



X; 



2 


6 


J c = 1 

* v cc 
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Decimal 

Count Scnucncc 

Inputs of FFs 

Count 

A 

B 

c 

D 

Ja 

K A 

J n 


J r 

K r 


K„ 

0 

o' 

0 

0 

0 

X 

X 

X 

X 

X 

X 

X 

X 

1 

0 

0 

0 

1 

X 

X 

X 

X 

X 

X 

X 

X 

2 

0 

0 

1 

0 

X 

X 

X 

X 

X 

X 

X 

X 

3 

0 

0 

1 

1 

0 

X 

1 

X 

X 

1 

X 

1 

4 

0 

1 

0 

0 

0 

X 

X 

0 

0 

X 

1 

X 

5 

0 

1 

0 

1 

0 

X 

X 

0 

.1 

X 

X 

1 

6 

0 

1 

1 

0 

0 

X 

X 

0 

X 

0 

1 

X 

7 

0 

1 

1 

1 

1 

X 

X 

1 

X 

1 

X 

1 

8 

1 

0 

0 

0 

X 

0 

0 

X 

0 

X 

1 

X 

9 

1 

0 

0 

1 

X 

0 

0 

X 

1 

X 

X 

1 

10 

1 

0 

1 

0 

X 

0 

0 

X 

X 

0 

1 

X 

11 

1 

0 

1 

1 

X 

0 

1 

X 

X 

1 

X 

1 

12 

1 

1 

0 

0 

X 

1 

X 

1 

1 

X 

1 

X 

13 

1 

1 

0 

1 

X 

X 

X 

X 

X 

X 

X 

X 

14 

1 

1 

1 

0 

X 

X 

X 

X 

X 

X 

X 

X 

15 

1 

1 

1 

1 

X 

X 

X 

X 

X 

X 

X 

X 


K-Map : 


cl 

00 

01 

11 

10 

^ oo 

01 

11 


10 












oc 

X 

0 

X 

X 

00 

X 


X 11 

§1 


0 



) 4 

12 

8 


0 


1111 4 : If 


12 

8 

01 

X 

0 

X 

X 

01 

X 


II 

1 


0 



1 5 

13 

9 


1 


flip' If 


13 

9 














0 

/m&m 

XvivivXv.'X 









11 


!:ff|g® 

X 

11 

X 


ill! if 

X 


0 


3 

7 

15 

11 


3 


7 


15 

11 

10 

X 

0 

X 

X 

10 

X 


V X 

li 


0 


2 

6 

14 

10 


2 

6 


14 

10 



II 

< 

BCD 




II 

< 

B 



\AE 

CD\ 

3 00 

01 

11 

10 


01 

11 


10 










00 

X 

X 

X 

0 

00 

X 

0 

111! 

p| 


0 

4 

12 

8 


0 


4 

Ivtv.v 

§12 

8 









1 



01 

X 

X 

X 

0 

01 

X 

0 

ii 

■ 


1 

5 

13 

9 


1 

5 

llli: 

Iffm 

It 

w&. 

CP 










S 

11 

|||j§j 

Still 


ill 

11 

m 


»:1 i 


m 

:m) 



mm? 


/ 

V 


3 

7 

15 

11 


3 

7 

Ilf' 

H i 

5 ii 









•; vl'XyXsv 

i; 

10 

X 

X 

X 

0 

10 

X 

0 

>>\V 

i 

vlf 

ihp 


2 

6 

14 

10 


2 

! 6 

i 

4 10 


J B — CD K b s CD + A 
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J D =1=V CC 


\AB 

CD\_ 

00 

01 

ii 

10 


00 

X 

X 

X 

X 



0 

4 

12 


a 







01 


X 

X 

X 

X^ 




. 1 

5 



9 

11 


si 

1 

X 

1 



3 

7 

IS 


11 

10 

X 

0 

X 

0 



2 

6 

14 

10 



K c 

= D 



\AB 

CtK_ 

00 

01 

11 

10 








00 


in 

nil 

X 

X 






'l2 


3 

01 


:X|' 

1 

X 

1 




1 


. ” 13 


9 

11 


111 

i. 

X 

1 





. i 7 



11 

10 


SI 

Hill 

111! 

Sxf 



2 

6 

14 


10 


K D - 1 - v cc 


(6) Circuit diagrjun : 



'• ..5 








i 

* 

! 


' 


Fig. Ex. 9.14(b) 
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D 


Ex. 15 : Implement synchronous counter using JK FF. for state diagram shown in Fig. Ex. 9.15. 

(o) — ►f?) — 



Fig. Ex. 9.15 

Soln. : (1) Counter with busing. (2) No. of FFs required will be 2. 
(3) Truth tabic : 



(4) K-Map: 


V A 

B\ 0 


o 

O 

X 

2 



«■ 

ill 

1 

3 


j a =b 



(5) Circuit diagram : 



Fig. Ex. 9.15(a) 


Ex. 16 : Design a decade counter using 4 FFs. 

Soln. : Counter is decade counter or Modulo 10 counter. .*. states are from 0 to 9. 
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also. 


(2) No. of FFs arc 4. N - 2'“ = 2 4 - ,6 slates. 

states 10 to 15 arc invalid states. 

(3) Let's use M/S JK FF. 

(4) Truth table. 

Lptill now we lu\e drawn truth table horizontally. For more states one can prefer vertical truth table 
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(5) K-map -> chart : 
\ AB 


AB 


CD \ 
00 
01 
11 
10 


00 01 11 10 


0 

X 

X 

0 

0 

4 

12 

8 

0 

X 

X 

0 

1 

5 

13 

9 

0 

X 

X 

X) 

3 

7 

15 

11 

0 

X 

X 

X 

2 

G 

14 

10 


CD 

00 

01 

11 

10 


00 01 11 10 


J r =CD 


X 

0 

0 

4 

X 

12 

X 

8 

X 

1 

0 

5 

X 

13 

X 

9 

(X 

i|| 

X 

I m 

3 

7 

15 

_ a 

X 

2 

0 

6 

x „ 

X ,o 


K b =CD 


AB 


CD 


00 01 11 


10 


\ AB 

CD \ 00 01 


11 10 


00 

0 

0 


X 

0 


0 


4 

12 

8 

01 


pi 

m 


X 

0 





5 

13 

9 

11 


III 

X. 


X 

X 


3 


7 

15 

11 

10 

X 

X 


X 

X 


2 


6 

14 

10 


00 

01 

11 

10 


X 

0 

X 

4 

X 

12 

X 

8 


m 

■:my. 

Hi§ 

11 ® 

^•13 


9 


Ill 

lllll 

fix?: 

IB 



3 

7 

15 

ii 

0 

2 

0 

6 

X 

14 

X 

10 


J c = AD 


K C = D 


AB 


CD 


00 01 11 10 


AB 

CD \ 00 01 


11 10 


00 

0 

0 

0 

4 

\/ 

^12 

X 

8 

00 

X 

0 

X 

4 

X 

12 

0 

8 

01 

0 

0 c 

X 

X 

01 


m 

Hi 

• ; ??x?? 

i#i 



1 

5 

13 

9 



■*?.v i 

• 5 

-v. 13 


9 

11 

0 

m 


X 

11 


111 

IB! 

111! 

X 



3 

7 

15 

11 


3 

7 

15 

11 

10 

0 

0 

x,. 

X 

10 

X 

X 

x 

X 


1 

2 

6 

14 

10 


2 

6 

14 

10 


AB 


J A =BCD 


AB 


K A =D 


CD 

00 

01 

11 

10 


00 01 11 10 



m 

$po 

ws 

Mfm 4 

WM 

12 


8 


X 

i 

mi 

W • 5 

HI 

13 

X 

9 


A / V. i l ' 

X 

mm3 

ill 

7 

111 

X 

ii 


in 

11:1 

iS 

Si 


2 

“T 


10 


CD 
00 

01 

11 

10 


00 01 11 10 



m 

ii! 


Ii 

8 


m 

i 

1 

11 : 

::: !l 

9 


i# 

W& 3 


lx! 


ii 


m 

X 


m 



6 

14 


10 


J D =i=v 


cc 


Kn=1=V 


Counters 


CC 
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Fig. Ex. 9.16(b) 


Ex. 17 : By using JK FF, design counter to go through states. 

0-1-3-5-7-9-11-13-15-0. 

Soln. : (1) State diagram : 



Fig. Ex. ' 9.17(a) 

(2) States arc 1 5 < 2 ni 


111 = 4 ••• N = 2 ni = 2 4 = 16 .-. 0 to 15 



■ I I I * I ** I /\ \J 
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C,rcui < diagram : 


T 



Counter : 


Fig. Ex. 9.17(b) 


switch over to other scqi!cncc°for the ciT^t rc ^ lnrc onc or inorc C0l »'' sequences. Question is that how to 
er sequence, for the standard hardware. Let's say we want sequence 

,Fi<» 9 IS 

1 ( 5 * pj ^ \( 

use CONTROL I/P. ^ S '"° 0lh S ' V ' ldl ° VCr rr0m 0110 sct l ucllcc to oilier. Here ivc ore going to 


Ex. 18 : Design 3 bit counter with input control signal E. The counter will ^dergo the steps 

2 ~ 4 ~ 6 ~ 0 ,f contro1 signal e is heid high. Ml . n|l „ () irM . . 

Soln. : ° 0U er Wi " “ nder9 ° S,epS 1 - 3 - 5 - 7 - 1 if control signal E is held low 


Control 

E | A | B 
MSB 



K a 



X 

X 

X 

X 

1 

X 

X 

X 

X 

X 

X 

1 

X 

X 

X 

0 * 

1 

X 

X 

X 

X 

1 

X 

1 

X 

1 

X 

X 

X 

X 

X 

X 

1 

X 

X 

X 

0 

1 

X 

X 

X 

X 

1 

X 

1 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

0 

X 

0 

X 

0 

X 

0 

X 


r-i t •■■ ■■! - i i - in ^ 
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X 

0 

X 

0 

X 

0 

X 

0 

X 

X 

X 

X 

X 

X 

X 

X 




Table 
lor 

sequence 
1 . 3 . 5 . 7 , 1 
E = 0 
E should 
be taken MSB 


Count sequence 

0.2. 4. 6,0 

y (concentrate on ABC 
only) 

E= 1 
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in = 3 


0) No. Of FFs required will be 7 < 2 in 

5 S^nce 1 is 0. 2. 4. 6. 0 ; 2 is 1. 3. 5, 7. 1 
V ) While making truth table take 


Counters 


Fro 

'^•L sequence* 1 C ^ Ua ^° n " c see mastcr control line E is not coming into picture. So have a look to 


into account E (control signal). 



w 

II 

o 

E = 1 

A 

B 

c 

A 

B 

c 

0 

0 

0 

0 

0 

1 

0 

I 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

0 

0 

0 

.0 

1 


C = 0 permanently as E = 0 
C = 1 permanently as E = 1 

Connect E to preset and clear of last FF. (C) FF. 


Circuit diagram : 



-TLTLTL 


Fig. Ex. 9.18(a) 


9.1 0 Presettable Counter : 

As we have discussed previously that sometime counter will not start from 'O' state. It will start from 
some predefined state. Let's say we want to down count from decimal 10. So preset counter to start 10. 
apply CLK pulses, so it will count down to 9, 8, 7, ... to 0. After that it will again start from 10. 

Counters can be preset to any desired starting count either synchronously or asynchronously. This can 
be done using PRESET and CLEAR terminals of FF. 

Fig. 9.17 shows 3 bit parallel presettable up counter. 

(1) Counter is synchronous 

(2) Asynchronous inputs, preset and clear, are controlled through load signal. 

(3) Steps for 'Preset', 

(a) Apply required count (step) to P 2 , P,, P 0 . Let's say P 2 , P,P 0 = 101 

(b) Apply 'LOW' going signal to 'LOAD' pin 

(c) output of NANDI, NAND3 = 0 and NAND2 = 1 at the same time NAND4, NAND6 = 1 
and NAND5 = 0. 

FF B will be reset and AC will be preset 
: ABC =101. 

(d) CLK is not going to affect above action. 
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(4) After presetting apply CLK pulse so Oral counter can start next count 



9.11 IC7490: 


IC 7490 is TT1 MSI decade counter. It contains four M/S FF and additional gating to provide divide 
by 2 counter (Mod-2) and three stage binary counter which provides divide by 5 counter (Mod-5). 

Fig. 9.18 shows block schematic of IC 7490. 


Reset I/Ps Preset terminals 



Fig. 9.18 

7490 have gated zero reset (R^, R^)) and gated set to nine inputs R 9(1) . R„ (2) for use in BCD 


nine's complement applications. 

Input A NC 


Qt 


Q d GND Q b 


Or 


[j 1 



■■ 

1 

■ 

d_ 

1 ] 

1 1 

* e 

A 

Qa 

c 


q b Q c 

1 

H 







Q 



— 6 

> B 

R 0(1) 

R 0(2) 

Rsd) H 9(2) 





JZ 

" J , r 7 

— 1 




nzn 

cn 

UJ 

LU 

LU LU 

lta| 


Input B R 0 (i) 


^0(2) 


'CC 


’9(1) 


’9(2) 


Fig. 9.19 (a) : Pin configuration 
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Output 

Qd 

Qc 

Qn 

Qa 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 


COUNTER 

COUNTER 

COUNTER 

COUNTER 



Rcsel to (X)00 
Set to loot 

If CLK. applied it will count or 
step from previous to next step 


Fig. 9.19(b) 

Fig. 9.19(b) Shows truth table. 

As shown in truth table when = l ic 7490 Reset. 

When R<, (1) = R 9(2) = ic 7490 sets to 1001 (9 decimal). 

rr 7 )o n 1C ^°8* c 1 to these input temporarily, set/reset it and lower the input terminals so 

/4J0 can start counting as CLK pulses applied to it. 

Note . (1) q a o/P toggle at each Falling edge of CLK applied to Input A pin. 

(2) States of mod - 5 counters are 0, 1,2, 3, 4. 0, 


Ex. 19 : Implement sequential decade counter using IC 7490 and write counter states. 

Soln. : In IC 7490 mod-2 counter and mod - 5 counter is available .-.2x5= 10 .-. gives decade counter. 

As mentioned in above example, requirement is sequential decade counter. Apply CLK. IN to 
INPUT A pin. Output Q A is connected to INPUT B i.e. input of mod - 5 counter. Output terminals are Q D 
Qc Qb Qa> "’here Qd = MSB, Q B = LSB connections are shown in Fig. Ex. 9.19(a). 

Vcc 



Fig. Ex. 9.19(a) 

Important point to be remembered is, now at each fulling edge of {> ,0/P. mod 5 counter will 
increment. And Q A change at falling edge of CLK input. 
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Fig. Ex. 9.20 

Soln. : Remember now that HIGH to LOW transition of n „ 

m ° d ' 5 Coun,s rmm >• 2, 3. 4, 0. Binary count table" ‘ 0eS ' e Qa °'" P '" a " d Also rem ^be, 
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Design Reset Circuit. 

The way of designing reset circuit is same as that of asynchronous counter. O/p or reset circuit should 
be HIGH because R^and R 0(2) are 'active high' inputs. 


output should be low for states 0 to 6. 
Output should be HIGH for states 7 onwards. 


K-Map : 
DC 

ba' 


00 


01 


11 


10 


00 


01 


11 


10 


o 

O 

0 

4 



1 

8 

0 

1 

0 

5 

• 

fill 

i 

9 

0 

3 




.vXvIvXvva 

1 

11 

# 


a 

7 


15 

0 

2 

0 

6 


■ 

14 

1 

10 



Y = D + ABC 


Fig. Ex. 9.21(a) 


Y = D + ABC 

Normally, wc connect Y output to Reset terminal .\ final diagram is. 
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Qq Q C Qb Qa Reset circuit 


Fig. Ex. 9.21(b) : Reset circuit 


Ex. 22 : Design divided by 100 using 1C 7490. 

Soln. : 


CLKIN 


Jinn. 


*T~T 


CC 


R 0(1) R 0(2) Rg (1) R 9( 2) 

I/PA 1C 7490(1) 

I/P B , 


CL 


Qrt Qr 


Y 


v 


GND 


x~t 


'CC 


R 0(1) R 0(2) R 9{1) R 9(2) 


* I/P A |C 7490 (2) 


i 

^rGND 


I/P B 


Pb Qc 


Vary 0 to 9 (LSB) 

Fig. Ex. 9.22(a) 

The problem is notliing but asks for cascade of IC 7490. 


Vary 0 to 9 (MSB) 


Each IC 7490 gives + 10 count (Mod 10) 2 IC gives 10 x 10 = 100 counts. 

Observe Fig. Ex. 9.22(a). IC 7490 is in standard 10 mode i.e. CLK output to Input A. 
connected to Input B and R^j), R<>( 2 )> R 9 (i> ^(2) are grounded. For cascading simply connect Q D of 1 st 

stage (IC 7490 (1)) to Input A of next stage (IC 7490 (2)). Both IC combincly provides count from 00 to 
99 decimal i.e. total 100 states. .*. +■ 100 counter. 


Ex. 23 : Design divide by 96 counter using 7490 IC’s. 

Soln. : The problem asks for cascading of IC 7490 as well as resetting in between. 

As far as cascading is concern circuit will be same as that of except R R ^ w ill not be 

grounded. It will be given to reset circuit. 

Normally for designing reset circuit, we draw K-Map. For 4 to 5 variable drawing K-Map is OK. But 
for 96 count drawing K-Map will be unnecessary complicated. 

/. Implement simple logic. 
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occur rr C ,' 1Ch C0 '"" 15 count, it will 

Cur only once throw full cycle of 00 to 99 

reset a‘,'cou d „, b 9 6 96 '” C ''' nS "' 0d ’ % 

w nte 96 in binary 
9 6 

i 

1001 0110 
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IC 7490 (2) IC 7490(1) 


Co unters 


10 0 1 

0 1 

1 0 







r 






-oO/P 


Fig. Ex. 9.23(a) 


Select ones and give that to AND gate as output required is HIGH to reset IC 7490. 
• • Final circuit diagram. 



9.12 IC 7492 : 

r ■ 

IC 7492 is TTL, MSI divide by 12 counter. IC 7492 is having 2 counter inside it. mod 2 (+ 2) and 
mod 6 (+ 6) counter. 

.-. Combination of both gives 2 x 6 = 12 + 12 counter. 

Block schematic of IC 7492 : 


Reset 
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Fig. 9.20 shows block schematic of IC 7492. For mod 6 counter 1C 7492 counts from 0. 1, 2. 4, 5. 6. 
0. (Observe sequence carefully, state 3 is absent). 



FiR. 9.21(a) 


Ex. 24 : 


(a) Write down truth table for Mod 6 counter in IC 7492. 

(b) Write down truth table for Mod - 12 counter in IC 7492, if CLK IN is given to Input A and 
Input B Q a is shorted. 

Soln. . (a) "Truth table of IC 7492 for mod 6 counter. As we know that internally IC has mod 2 and mod 6 
counter. So use only mod 6 counter. CLK IN gives to Input B and outputs arc Q n Q ( . Q,, only. State arc 


CLK edge 

Qn 

Qr 

Qn 

Decimal equivalent 

1 st 

0 

0 

0 

0 

2 nd 

0 

0 

1 

1 

3 rd 

0 

1 

0 

2 

4th ‘ 

1 

0 

0 

4 

5 th 

1 

0 

1 

5 

6 th 

1 

1 

0 

6 

y til 

0 

0 

0 

0 


Fig. Ex. 9.24(a) 

(b) In this part. 

(i) Give CLK IN to Input A 

(ii) Connect Input B to Q A . 

.*. Circuit will be 
as shown in Fig. Ex. 9.24(b) 



Fig. Ex. 9.24(b) 


Point to be remembered. 

(1) Q a toggles at each falling edge of CLK IN. 


;■ \ 
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(2) Q (t Q r Q n will cltnngc state at each falling edge of Q A , 

Working : 

Refer Ex. 9.24(a). 

(1) Initially Q„ Q ( , Q„ Q A (DCBA) = ()()()() 

(2) At first CLK edge, a changes from 0 — > 1 (rising edge.) 

/. 000 /. DCBA -0001. 

H) At 2 n<1 CLK edge, A toggles from I -> 0 (falling edge.) 

DCB will clwngc from 000 to 001. (from Fig. Ex. 9.24(a). DCBA = 0010. 

(4) 3 CLK edge, A clwngcs from 0 — > 1 (rising edge), 

DCBA - 0011. 

(5) 4 CLK edge, A changes from 1 — > 0 (falling edge), 

DCB Changes from 001 to 010. ,\ DCBA = 0100. 

(0) At 5 C LK edge, A changes from 0 — > 1 (rising edge), 

DCB - unchanged ,\ DCBA = 0101. 

(7) At 6* 1 CLK edge, a changes from 1 — > 0 (falling edge), 

•• DCB changes from 010 to 100 (Decimal count Oil is not present in mod 6 refer 
Fig. Ex. 9.24(a) 

DCBA = 1000 

(8) At 7 1 * 1 CLK edge, a change from f — > 1, 

DCB = unchanged. ,\ DCBA = 1001. 

(9) At 8 1 * 1 edge, a changes from 1 — > 0, 

DCB changes from 100 to 101. 

DCBA =1010 

(10) At 9 1 * 1 CLK edge, a changes from 0 — > 1, 

,*. DCB unchanged, ,\ DCBA = 1011. 

(11) At 1 0* J * CLK edge, A changes from 1 — > 0, 

/. DCB changes from 101 to 110 

DCBA = 110 

(12) Finally at 1 1 th CLK edge, A changes from 0 -» 1, 

/. DCB unchanged, DCBA = 1101. 



Scanned by CamScanner 


• _ V \A~' 


Digital 


9-54 


Counters 


fct ^ 

\AC^ 

3\\sV 

IV) 

O') 

O' 

o') 


9-13 Synchronous Counter ICs : 


Let's study some synchronous counter ICs. 


1C 74190 


IC 74190 is UP/DOWN decade counter with preset and ripple clock. It is a reversible BCD (8421) 
decade counter featuring synchronous counting and asynchronous presetting. Reversible BCD means it can 
count 0. 1. 2. 3. 4, 5, 6. 7, 8. 9. 0 i.c. up and 9. 8. 7. 6. 5. 4, 3. 2. 1. 0. 9 i.c. down. Asynchronous 
presetting means parallel input data can be loaded at any instant, it is not dependent upon CLK input. 

Pin configuration and logic symbol is as shown in Fig. 9.22. 

11 15 



10 



Fig. 9.22 


Let's sec the pin names and function. 


■13 


•12 


PIN NAMES 

DESCRIPTION 

CE 

Count enable input (Active low) 

CP 

Clock pulse input (Active rising edge) 

*0 

o 

1 

-a 

Parallel data input 

PL 

Asynchronous parallel load input (Active low) 

U/D 

Up/Down count control input 

0 - up count 

1 - down count 

Qo ” Q 3 

Flip Flop outputs 

RC 

Ripple clock output (Active low) 

TC 

Terminal count output (Active HIGH) 


Dasicdiiy / i sv uvvuu 

happen because of supply fluctuation or noise it may enter in invalid state i.c. 10 to 15. then how 74190 
behaves ? This point can be explained by state diagram. 
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Refer Fig. 9.23 

0) M-Ir. C °"" ,C '' C0Un,s *■» ".v (lark line) 

l0 °P 15 0, 1. 2. 3. 4, 5. 6, 7. 8 9 0 

Bushing branches arc 

(0 14. 15, 2 

(2) 12, 13. 4 

( 3 ) 10, II, 6 

nmilt !, and i i K Valid slalcs - w °™ case center trill take 
m , ‘ 1rcc c - vclc to enter in main loop 

C ) V^hen counter count* down (Shown by dotted line) 

i*T ,00 P 1S ~> ^ 8, 7, 6, 5, 4, 3,2. 1.0.9.. 

Bushing branch is -> 15, 14, 13, 12, 11, 9. 

f 1 . only one branch. In \vorst case situation counter will 

tnkc maximum 7 CLK cycles to enter valid states. 

Different Modes of 74190 : 


Counters 



Dotted line Dark line 
for for 


"down count" "count up’ 
Fig. 9.23 


74 1 90 lias different modes of operation. Modes are selected by PL . CE . U/D pins. 


Mode Select Table 


In 

)UtS 

MODE 

PL 

CE 

U/D 

CP 

1 

0 

0 


Count Up 

1 

0 

1 

_r 

Count down 

0 

X 

X 

X 

Preset (Async.) 

1 

1 

X 

X 

NC (Hold) 


We will study all these modes step by step. 

DATA INPUT 
, ^ ^ 


COUNT UP 
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For counter counting up oik has to tic PL. ■ 1 and CF = U/D - 0 Apply clock pulses and counter 
counts up. The circuit is as shown as Fig 9.24 

COUNT DOWN 


For counter counting down tie PL = l = V rc and U/D = 1 = V c?c . CE = 0 . Apply clock pulses 
d counter \\ ill start counting down. Tlie circuit is as shown in Fig 9.25 

DATA INPUT 

/ ^ N 



Fig. 9.25 : Down Counter Using IC 74190 


PRESET MODE 

When you need programmable divider one should PRESET output Q 0 - to the required count and 
start counting. 

The Fig. 9.26 shows experimental set up for studying presettable Up/down counter 
Presettable Up counter. 

Close switch S 2 . 

Apply the count to wluch you want to PRESET the counter to P 0 - P, input 
Close sw itch S,. Moment switch is closed P 0 - P, contents w ill appear at Q, - Q 0 . You can 
see it as LED glows. 

Apply clock pulses (The pulses sliould be of low frequency so tluit you can see output LED 

changing) 

Release (open) S, switch 

Now counter will start counting front presetted count Let's say Q, - Q„ * 0101 * (5) l0 . 


Case 1 : 
Step 1 : 
Step 2 : 
Step 3 : 

Step 4 : 

Step 5 : 
Step 6 : 
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I JlyMnl 


U ht 


HOLD 


r 


ount#5f% 


' , ", ' V,M '• <*. ■ l„ •(}' || .„ 

M Ir4 cloned again 1 10 /tf< ‘ ""lev. Ullll |j 

II we WI..M thill idler 9. counter lignin picket to 'V (or presetted count, H»c.. we |, lve lr 
combi iiiitlon.il circuit W«- will study ,t williin no lime ° a 

DA I A INPUT 


Mid 



Step 3 : 


Vir,»< 


Case 2 : Presettable down counter. 

Step I : Open switch S 2 . 

Step 2 : Steps written in ease 1 from (2) to (5) is same here also. 

Now counter will shirt counting from presetted count. 

Let’s say Q,-Q 0 - 0101 »(5) 10 

Then counter will count 5. 4, 3, 2, i, 0 and back to 9. It won’t preset again to 5 in this circuit 
unless and untill S, is closed again. 






* 


£ 




To HOLD or LATCH the count in the counter make PL = CE = l U/D and CP. both pins arc 
treated don't core 


Ex. 25 : Design presettable up counter, free running using 74190 
Soln. : 

( 1 ) 1 cl’s assume presettable count = 5 * (010 1 ) : 

(2) Stales of counter will be ... 5, 6, 7, 8, 9, 5, 6, 7, 8. 9, 5 
( l) Design of combinational circuit. 

One has to design combinational circuit in such a way that when valid states arc present output of the 
uiuni should be 1 and lor invalid states output should be ’O’, because we arc going to tie output of 
combinational circuit to PL . 

PL = 0 -> Preset count 
PL = 1 -» Counter Counts. 
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\pi 

\ 

°0 

00 

01 

ii 

10 

00 

0 

0 

0 

0 


0 

i 

3 

2 

01 

0 

0 


m 


4 

5 

7 

6 

11 

0 

0 

0 

0 


12 

13 

15 

14 

10 

III 

!§*§ 

0 

0 


8 

9 

11 

10 


Y - Q 3 ^ 2 ^i + ^3 Q 2 ( Q 0 + Q i) 


(5) Circuit diagram : 


data input 



Fig. Ex. 9.25(a) 


Ex. 26 : Design presettable down counter using 74190. 

Soln. : 

(1) Let's assume presttablc state = 5 = (0101), 


\\ ’ v \ 


r;\. ‘ 
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(2) States of counter will be ... 5. 4. 3, 2. 1. 0. 5, 4. 3. 2. 1. 0. 5 ... 

P; Design of combinational circuit. 

/i\ * S * 10u ^ P r °ducc HIGH output for above valid states and low output for remaining Invalid states. 

(4) K Map : 


(5) Circuit diagram : 


\P1 

Vs 

Q o 

1 

00 

01 


11 

10 






00 

( 

r 

1 ' 


1 

1) 



Mo 


1 

3 

2 

01 


II 

111 


0 

0 


4 


5 

7 

6 

11 

0 

0 


0 

0 


12 


13 

is 

14 

10 

0 

0 


0 

0 


8 


9 

11 

10 


Y - Q 3 Q 2 + Q3Q1 
= (^3(^2 + ^1) 

DATA INPUT 



Now open switch S, so counter will start counting. 
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Function of TC and RC : 

Two t\pcs of outputs arc provided as overflow/under flow indicators. The TC (terminal count) output 
is normally low and goes HIGH when a circuit reaches zero in the count down mode or reaches maximum 
m count up mode. The TC output remains HIGH untill state change occurs, whether by counting or 4 
presetting or until U/D is changed. 

Precaution . The TC output should not be used as clock signal because it is subject to decoding 

spi 'es. Tlie function of TC is for cascading the counter or for mutilatagc counter. 

The TC signal is al so us ed internally to enable ripple clock output. The ripple clock ( RC ) output is 

normally HIGH. When CE is LOW and TC is HIGH, the "rc" output will go LOW when the clock 

next goes low and will stay low untill CLK goes HIGH again. The tmth table for RC output is shown, 
as follows. 

RC Truth table. 


Inputs 

Output 

CE 

TC* 

CP 

RC 

0 

1 

IT 

t_t 

1 

X 

X 

i 

X 

0 

X 

i 


* TC is generated Internally. 

We will learn two circuit, Of multistage counter using RC pin for cascading. 

1. N - stage counter using ripple CLK : 

Direction control 



Fig. 9.27 : N stage counter using ripple clock 


Refe r Fig. 9.27 

Each RC output is used as CLK input for the next higher stage. This configuration is particularly 
advantageous when the CLK source has a limited drive capability, since it drives only first stag e. To 
prevent counting in all stages it is only necessaiy to inhibit the first stage, since a HIGH signal on CE 

inhibits the RC output pulse. 

Disadvantage of this configuration, in some applications, is the timing skew between state changes in 
the first and last stage. This represents cumulative delay of the CLK as it ripples through the preceding 
stages, because it is basically ripple or asynchronous counter. 
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2 A ' ’mTr n0US N ~ StaRC Countcr using Ri PP ,c Carry/borrow : 

met iod of causing state changes to occur simultaneously in all stages is shown in Fig. 9.28. 


Counters 



Fig. 9.28 : Synchronous N stage counter using ripple earn' / borrow 
ock inputs are driven in parallel and RC output propagates the carry /bo rrow signals in the 

pp ashioiL In this configuration the low state duration of the clock must be long enough to allow the 
negative-going edge of the carry/borrow signal to ripple through to the last stage b efore the clock goes 
H. There is no such restriction on the HIGH state duration of the CLK. Since the RC output of any 
package goes HIGH shortly after its CP input goes HIGH. 

Let’s study multistage counter using TC as cascading line. 

(1) Synchronous N — Stage Counter with Parallel Gated Carry/borrow : 

To avoid ripple delays and their associated restrictions, the following Fig. 9.29 should be used. 
Direction control 



Fig. 9.29 


(1) Clock terminal of all ICs are tied together. 

(2) The CE input for a given stage is formed by combining the TC signals from all the preceding 
stages. In order to inhibit counting an enable signal must be inclu ded i n each carry gate. This is 
done because TC output of a given stage is not affected by its own CE . 
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1C 74191 


IC 74191 is binary up/down counter with preset and ripple clock. If you compare it with 74190, IC 
74190 is decade counter, where as 74191 counts from 0 to 15. This IC can count up or down 
synchronously and has a synchronous preset. Preset feature allows the chip to be used in dividers. The pin 
configuration and logic symbol is as shown in Fig. 9.30. 

11 15 1 10 9 


p iE 

Q iH 

q oGl 

U/D [T 
Q 2 [If 

Qo 


GND 8 


m v cc 

14] CP 

Uhu 

12]TC 

HIfe 

M P 2 

Po 



Pinout- 


Logic symbol 


Fig. 9.30 


Pin names are as follows : 


Pin Names 

Description 

CE 

Count enable input (Active low) 

CP 

Clock pulse input (Active rising edge) 

P0-P3 

Parallel data inputs 

PL 

Asynchronous parallel load input (Active low) 

U/D 

Up/Down count control input 

Qo-Q 5 

Flip Flop outputs 

RC 

Ripple clock output (Active low) 

TC 

Terminal count output (Active HIGH) j 


74191 counts up from 0 to 15 (shown by dark line) and also 
counts down 15 to 0 (shown by dotted line). 

74191 can be operated in different modes. 



Fig. 9.31 : State diagram 

•> 
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Mode select table. 


9-G3 


i 

INPUTS 


MODE 

PL 

CE 

tJ /!) 

CP 

1 

0 

0 

-l~ 

Count Up 

1 

0 

1 

_r 

Count down 

0 

X 

X 

X 

Preset (Async) 

1 

l 

X 

X 

No change (1 10LD) 


RC Truth Table 


Counters 


Inputs 

Output 

CE 

TC 

CP 

RC 

0 

1 



1 

X 

X 

1 

X 

0 

X 

1 


Tlie inodes arc same as 741 90, there for explanation given in 74 1 90 holds for 74 1 9 1 also. 

For cascading or multistage counter, the configuration explained in 74190 holds for 74191 also. RC 
truth table is rrfso similar. 


9.14 Analysis of Counter Circuit : 


Uptill now we have solved some example based on T, D and JK. FF design. This part was designing 
the counter circuit or synthesis of counter, where we were given slate diagram and we have to find circuit 
for the same. 

Now it is analysis, i.e. circuit will be given to you and we have to find state diagram, and some time 
unused state will be given to us and we have to find how counter is going to behave. 

The method is very simple. Explained point by point. 

(1) Firstly present state will be given to you e.g. say presently counter is in CBA = 010. now find! 
next states. 

By chance if the state is not given, you assume some state. The thumb rule is to start from 000. 

(2) This present state is now previous state for us. 

(3) You Iiave to now find out. I/ps to all the FFs, because of this previous state. 

(4) After finding out inputs of all FFs. assume that CLK edge hits. Now you already know tire input, 
you know the tnith table of each FF. So find out what will be Q output of FF. Tlus 'new' state 
will be next state of the FF. 

(5) Now you assume the next state as previous and start from point 3. 

This chain should be continued unless and untill you get next state , which is already existing 
previously. For example. We started with state 4. From 4 next state is 6. From 6 next is 8. From 8 next is 
9 and from 9 next state is 4. Means '4' has occurred twice so chain is complete. If you want you can draw 
state diagram as show n in Fig. 9.32. 
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Fiji. 9.32 


Fiji. 9.33 


J^i ^ t 1^* /.vFw» 

"’ill bc'diff CXa ' n P* c ' l Wtf ^ l ,a PPen that you get 6. after 9. 6 is already present. But now state diagram 


Thus — rcnt 11 ' S Sh ° Wn in Fig ‘ 9 ' 33 ' 4 is bushing. 


nnmtc i 0U ° n * ng different combination and find next states. To make analysis simple, all 5 
points can be combined in ‘one’ table. You keep the table standard now onwards. 


Start 


Pi 

evious State 

tame 

FF inputs 

Next state 

Decimal 

euuiv. 

A 

A 

B 

B 

II 

< 

^5 

II 

< 

* 


K u = 

A 

B 

C 

1 r> U ^ 











1 


expression (s). 


Ex. 27 : 


The logical diagram of counter is given in Fig. Ex. 9.27. If the initial condition of the counter 
is ABC = 110. Find the states through which the counter goes when clock is run. What 
happens if the counter is initially found in 011 state. 


O/P 



IN JTTL 


Fig. Ex. 9.27(a) 

Soln. : Step - I : First write down Boolean expression for FFs inputs. 

(1) j a = b 

(2) K a = B 

(3) J B = C 

(4) K B = I (Pcrnianently Vcc) 
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(5) J c = B 

(6) K c = l (Permanently Vcc.) 

Step II ; Write down initial condition ABC =110 
A = MSB C = LSB. 

Step III : Make table. 



Previous state 



FF 

Inputs 



Next State 

Decimal 

A 

A 

B 

B 

C 

C 

J A 

K a 


k b 

J c 

K c 

A 

B 

C 

Count 







= B 

= B 

= C 

= 1 

= B 

= 1 





1 

0 

1 

0 

0 

1 

1 

1 

0 

1 

0 

1 






















Fig. Ex. 9.27(b) 


and as shown in Fig Ex. 9.27(b), we have written ABC = 1 10 and complement of ABC. 

As B = 1, J A = K a - B = 1. As C = 0, J B = 0. As J c = B and B = 0, J c = 0. K B = K c = 1 (Permanent). 

Now assume CLK edge hits. (Refer Truth table of JK FF). 

0) J A = 1 K a = 1 A will toggle A cliangcs from 1 — > 0. 

(2) J B = 0 K b = 1 .*. B = 0 (irrespective of previous state.) 

(3) J c = 0 K c = 1 /. C = 0 (irrespective of pervious state.) 

Next state = ABC = 000 

Write this state under heading of Next state in Fig. Ex. 9.27(b). 

This was 1 st cycle. 

Now in 2 nd cycle take next state as previous state. 

0 0 0 = ABC is now previous state. Write it under heading of previous state in Fig. Ex. 9.27(b). 
Find complement of ABC. Find out J A , K A ... and so on. Again assume CLK edge hits, and Find out new 

next slate. 


Continue the same till you get same decimal count. The full table is shown below. Start = ABC = 
1 10 = 6 (decimal). 



Previous state 




FF I 

nputs 



Nex 

t St; 

itc 

decimal 

A 

A 

B 

B 

c 

c 

4 a = 

B 

K a = 

B 

11 

3 U 

K„=l 

J c = 

B 

K c =l 

A 

B 

c 

Count 

1 

0 

1 

0 

0 

I 

1 

1 

0 

1 

0 

l 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

0 

1 

1 

l 

0 

0 

l 

1 

0 

1 

0 

I 

1 

0 

0 

0 

1 

1 

1 

1 

0 

l 

0 


o 

1 

1 

0 

0 

1 

I 

1 

0 

1 

0 

l 

1 

0 

0 

4 

1 

0 

0 

1 

0 

1 

0 

0 

0 

l 

1 

1 

1 

0 

1 

5 

1 

0 

0 

1 

1 

0 

0 

0 

l 

1 

, \ 

1 

1 

1 

l 

0 

6 


• Slates arc 6 -> 0 —> \ —) 2 -> 4 -> 5 -> 0 

T I 

start start 
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slates C0IK * ^ nrt l ' 1C P r °kl cm is if the counter is initially found in Oil state then what will be best 
Procedure is again same. 



Pi 

cvioi 

us State 



/ll — J 

lecimaij. 

FF Inputs 



Next State 

Decimal 

A 

A 

B 

B 

c 

c 

J A = 

B 

II 

J B = 

c 

K B = 1 

J c = 

B 

K c = 1 

A 

B 

c 

Count 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 

1 

0 

0 

4 


Fig. Ex. 9.27(d) 


If you see Fig. Ex. 9.27(d), After ABC — 01 1 (3) next state is ABC = 100 (4). 4 is present in counter 
chain you stop. Even though you proceed further next state will be 5 then 6 then 0 then 1 and so on. 

.•. Final slate diagram is. 



Ex. 28 ; The schematic arrangement of synchronous counter which uses master / slave JK FF is 
shown in Fig. Ex. 9.28. If the Initial condition of the counter is ABCD = 0001, Find the states 
through which the counter goes when CLK is seen. 

What happens if the counter is found initially in state ABCD = 1000 ? 
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Soln. : 

Step I : 
Step II : 


Step III : 


Fig. Ex. 9.28 

Don't worn' [I am with you] 

Write Boolean expression for inputs of FFs 
J A = BC J r = BD + A 


K a =B 
J B - A 
K B = A + D 


K c — A + D 
J D = C 
K D = AB 



Make table, and start from state ABCD = 0001 (1 decimal). Refer Table Ex. 9.28(1). 
.*. State diagram : Fig. Ex. 9.28(a) 

Second part is, if counter is initially ABCD = 1000 
Same table. 



States aie (8) -» (3) -» (7). Final state diagram is as shown in Fig. Ex. 9.28(b). 



Scanned by CamScanner 


Previous Sta 


I 

i 


9-68 



Counters 


Scanned by CamScanner 


Table Ex. 9.28(1) 



9-G9 




J 9 EX ' 9 20 ,how# counter Which must count through mor* tt ■ .. 

determined by the control lino ‘ 


Find the states through which counter 


goes when the control line (i) \'jh ar d { t \ 


Control Lino 



-T LTL 

Fig. Ex. 9.29 


Soln. : 

Case I : Control line is HIGH. 

Procedure is same as we followed in last example. 

■*a = K a = B J c = (control line). B = (con) B 

j b = 1 K c = 1 


k b = c 

Control line = CON = 1 Assume initial state = 0 00 = ABC 



Previo 

us state 

Inputs of FF 

Next state 

Decimal 

counter 


— 





__ 





T 






A 

A 

B 

B 

c 

c 

J A 

k a 


K b 

J C 

Kc 

A 

B 

C | 

| 







= B 

= B 

= 1 

= C 

(CON.) -B 

= 1 





0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

1 

1 

0 

1 

l 

3 ! 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

0 

6 

LLl 

0 

1 

0 

0 

1 

1 

1 

1 

1 

0 

1 

0 

0 

0 

0 


/. State diagram : 



Only three states are coming. So let's start with assumption that initially counter is at lX)l * ABC 
decimal 1. 



Scanned by CamScanner 


Stan 


_ state diagram is as shown in Fig 9 29(b) 
-piiLjtjMstate 5 is missing so stan with 


' ' ^ ave 2 state diagram 
If stan ABC = oo 


state 5 ABC =101 


0 


0 


0 


If ABC = 001 


nr r 

o 1 

0 

i 

1 

0 o 

9- 

0 

-70 

1 

1 T~ 

0 1 

1 I 0 [ 1 ' 

r 

0 

I 

1 

0 

0 

1 1 

1 

1 

I 0 

I I I) 

0 

1 0 

0 

l 

0 

1 0 

0 

1 

1 1 

1 

111 

1 

1 0 

-JU 

0__ 

1 

_0 1 

1 

1 

0 0 

j 

I MM M 

0 1 


Co unters 

2 

4 

7 

2 


6 



Fig. Ex. 9.29(c) 


Fig. Ex. 9.29(d) 


Here 1 would like to Indicate that if you consider state diagram Fig. Ex. 9.29(c) as valid sequence, 
t en because of supply fluctuation or EM Z or RFZ interference if counter enters into stale diagram of 
ig. Ex. 9.29(d) it will never come out of that chain and w ill lockout it self in invalid states. 


1 

Pi 

rev io 

us state 

' 1 

Input of FF 

Next state 

Decimal 

I A 

A 

B 

B 

c 

c 


K a 


K b 


K c . 

A 

B 

c 

Count j 







= B 

= B 

= 1 

= c 

CON 

= 1 



1 

> 











B 






1 0 

' 1 1 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 



0 

1 

0 

2 

1 0 

1 

1 

0 

0 

1 

1 

1 

1 

1 

0 

1 

1 

0 

0 

4 

1 1 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

0 

6 

LLL 

±1 

I 

0 

0 

1 

1 

1 

1 

L L_ 

0 

1 

0 

0 

1 '• 

i » 1 


Now take Initial condition ABC = 001 = 1 decimal 


start—) 


start-) 


M 1 1 o 

nn 

0 

0 

0 

1 

1 

0 

0 I 1 1 0 

L 

1 1 « [ 

2 

Now take Initial condition ABC = 011 = 4 decimal 


0 

LlLl 

0 

1 

0 

1 

1 

1 

0 

0 

nn 

n ""i 

<n 

Now take Initial condition ABC = 101 = 5 decimal 

1 

[ 0 

0 

1 

1 

[ 

0 

0 

0 

1 

0 

— 1 

0 

i 

n i m « i 

i 1 

Now take initial condition ABC 111=7 decimal 

1 

0 1 

ni 


1 

0 

1 

1 

i 

0 

0 

i 

0 

ijljT 

2 j 


Fig. Ex. 9.29(e) 
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Ex. 30 . A counter using negative edge triggered flip flop is shown in Fig. Ex. 9.30 Find the states 
through which counter goes when CLK is run. Also draw tining diagram showing relation 
between CLK input and output of FF. 


O/P 



Ja 

Qa 

A CLK < 

k a 



Fig. Ex. 9.30 


Sofn. : (I) 

( 2 ) 


The counter in Fig. Ex. 9.30 is ripple counter. The way of analysis is same. 

Remembers : CLK is given to only one FF 

and output changes on 1 -> 0 (Falling edge) of the CLK input. 

Truth table : Initially ABCD = 0000 = 0 decimal. CLK A = CLK c = D. CLK^ = C 


( 3 ) 

Explanation : 

(1) Initially ABCD = 0 000 (Refer Fig. Ex. 9.30(a) 


V 




‘X 


v \ 

L v 


x 


I 


(2) At 1 st CLK edge hit, D changes from 0 1 (rising edge) ABC are unchanged. ABCD = 0001 


(3) At 2 nd CLK edge hit, D changes from 1 -> 0 (falling edge - shown by arrow in D column under 
next state heading.). 

C changes state from 0 -> 1 (rising edge) as J r = 1 K r = 1. 

A remains unchanged even though CLK is present because J A = 0 K A = 1 ABCD = 0010. 

At 3 rd CLK 'D changes from 0 -> 1 (rising edge). .*. ABC are unchanged ABCD = 0011 

At 4 th CLK edge. D clianges from 1 -> 0 (falling edge), 

.-. C changes from 1 -> 0 (falling edge) as J c = 1 K c = 1, this will force B to change from 0 -> 
1 as J B = 1 K b = 1. A remains unchanged as J A = 0 K A = 1 ABCD = 0 100. 

Thus cycle will repeat and counter will count 0101, 0110, 0111, 1000 and 1001. After 1001 v 
will reset to 0. 


$ 


(4) 

(5) 
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Fig. Ex. 9.30(a) 


wwww \m\ 


' '• v 
-- . v? \ 


\ \ '\\ :< 


\ \\\\\ 


w 


Digital 

Waveform : Refer Fig. Ex. 9 . 30 (b). 


Counters 




Fig. Ex. 9.30(b) 
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~~ Examples from Univ ersity Papers : 

l . Knr t li«* • . . 


., 0t th . C ,0UK ' c,rcuit shmvn i» Fig. Q. 9.1 (a) draw the timing diagram of CP, Q, and Q, 
•'"Miming initial condition Q 2 = Q, = 0. (May 96, 10 Marks) 



a ■ . «, Fi "- Q - ' JA («) 

•• ns. . avefonns for CP. Q, and Q 2 arc given in Fig. Q. 9. 1(b) : 



Fig. Q. 9.1 (b) 

In Fig. Q. 9.1 (a) two D-tvpe Hip-flops are given. Q, is connected to D,. Q 2 and Q, are connected to 
D 2 through E\-OR gate. CLK is common to both the flip-flops. 


Explanation of the waveforms : 
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demerits of these counters^ nCbr ° nous Countcr and asynchronous counter. Give merits and 
Ans.: Refer Section 9. 1 * May 96, Dcc * 96 ’ 4 Mark - S * Dec. 97, 5 Marks) 

glitches be avoided ? tC ^ Pr ° b,Cm as encou ntcred in asynchronous counter. How could 
Ans.: Refer Section 9 . 3.3 (May 96 ’ 4 Marks ) 

of ca P ch m°p“ n„ C p l r 2 C o q “ i s r c C c d andT'h a , fre 1 ,,enc >'. or 5MHz - lf Propagation delay time 

number of stages the counter can have. ° ^ ^ ,S 10 CaIcu,at ? ‘he maximum 

f = 5 x 10 6 Hz 


Ans. : 


tpd - 20 nsec 
N = ? 


(May 96, 4 Marks) 


l sb ~ 10 nsec. 

Maximum time delay for a signal (T) 

= propagation delay time of each flip-flop + strobe pulse delay 
20 nsec + 10 nsec = 30 nsec. 

f = — - — 

NxT 

N = No. of flip-flops 

frequency x total time delay 

N = 1 , 

5 x 10 6 x 30 x 10 ~ 9 

• • j Maximum number of stages the counter can have is 6 1 
5. Explain what is 'lockout' in a sequential circuit. How it can be avoided? 

(May 96, May 97, Dec. 97, 4 Marks) 


...Ans. 


Ans.: Refer Section 9.6. 

6. For the logic circuit shown in Fig. Q. 9.6 (a) draw timing diagram of CP O and O 
assuming initial condition Q, = O. = 0. ( Dec . 9 ’ 6 , , 2 0 



Fig. Q. 9.6 (a) 
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Waveforms for CP, Q, and Q 2 arc as as shown in Fig. Q.9.6 


Waveforms for Q, 


Fig.Q. 9.6 (b) 


State Diagram : 


©■ 




Fig. Q.9.6(c) 


cp — n_n i ;■ 

^ r 

HL 

: i • | i Waveforms forelock : ; j : i 

°’ L°l f 1 1 o ,M 


n 

j • | j i • Waveforms for Q 1 i 

°j j o i o j 





I 


* s 


7. What are decoding glitches & how these can be eliminated ? 

(Dec. 96, Dec. 98, 8 Marks, May 97, June 99, 6 Marks, Dec. 99, 5 Marks) f 
Ans.: Refer answer of Q.3. 

• ’ i i 

8. For the logic circuit shown in Fig. Q. 9.8 (a) draw the timing diagram of CP, Q 2 and Qj 

assuming initial condition Q 2 = Qj = 0. , (May 97, 10 Marks) 
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0 

D Q 1 

> 

°i 

— -3L> — 

— c 

T Q 2 

> 

o 2 




CPo- 


Fig. Q. 9.8 (a) 

An.s. : In Fig. Q. 9.8 (a) two types of flip-flops are used 
The waveforms for CP, Qj and Q 2 are as shown below 


D and T. 


CP 


Qi 


_n_n 


Q, 


LJi_n_rLn_n_ 


Waveforms for clock input 


1 i 


0 • 


Is 0 


Waveforms for Q 


0 i 


1 i 

o] 

i t- 


Waveforms for Q 2 • 

# ^ ( • * I 

Fig. Q. 9.8 (b) 


>T i 

■ i 
i 


Explanation for above waveforms : 


Previous State 

In 

puts . 

Next State 

Decimal l 

Qi 

Qi 

Qi 

Qi 

D, =Q 2 

T = Q l ®Q 1 

Qi '+'r[ 

Qi +i 

state • 1 

0 

1 

0 

1 

0 

1 

0 

; 1 • 

1 1 

0 

1 

1 

0 

1 

0 

1 

~r ~\ " r 

3 1 

1 

0 

1 * 

f 0 

; 1 ; 

r ; 

1 _ 

1 

;>). ; l 

1 

0 

0 

1 

0 

0 

6" 

r oT 

0 . 1 

0 

1 

0 

1 

0 

1 

b 

i 1 ! 

k 1 

0 

1 

1 

0 

1 

i 0 

1 

* l 

3 1 


Table 3 


i 


State Diagram: 
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9. For the logic circuit shown in Fig. Q. 9.9 (a) draw the timing diagram of CP, Q 2 , Q, 
assuming initial condition Q 2 = Q, = (Dec. 97, 10 Marks) 



Ans. : Timing diagram for Cp, Q 2 , Qj is as shown in Fig. Q.9.9 (b). 



Waveforms for Q 2 
Fig. Q. 9.9 (b) 


Explanation for wa reforms : 


Previous State 

In 

puts 

Next State 

)ccimal 





_ 




state 

Qi 

Qi 

Qi 

q 2 

®i = Qi + Q2 

D 2 = Qi + Q2 

Qi + 1 

Q2 + 1 


i 

0 

i 

0 

1 

0 

1 

0 

2 

l 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

1 

0 

2 

i 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

0 

1 

0 

2 


Table 4 


State Diagram : 


0 — ►(*)— *(°) 
Fig. Q.9.9(c) 
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What is 'glitch' as observed in counter decoder scheme ? How it can be eliminated ? In 
what way glitch is harmful in a logic system ? (Dee. 97, 6 Marks) 

Ans.: Refer answer of Q.3. 

H. A sequential circuit employing two D-type flip-flops is shown in Fig. Q. 9.16. Analyse this 
circuit and write equations for flip-flop outputs and circuit output. Hence derive all 
possible entries of present statc/next state table for this circuit. (May 98, 10 Marks) 


I 






Ans. : First we will write present state/next state table for this circuit. 


1 Present State 

Decimal 

I/P to D FF 

Next State | 

Decimal | 

Y 1 

I I 

Qi 

Qi 

Q o 

Qo 


- ©Qo 

D„=IQl 

Qi+i 

Qi+i 

Qoh I 1 

Qo+i I 


I-Qol 

0 

j 1 

0 

i 

0 

0 

l 

0 ! 

0 

1 

l 

0 1 

2 1 

0 1 

1 0 

1 

0 

0 

1 

1 

l 

0 

0 

1 

1 

0 1 

2 1 

0 1 

0 

0 

l 

1 

0 

2 

l 

0 

0 

1 

1 

0 1 

2 * 

0 1 

0 

0 

l 

0 

1 

3 

l 

0 

0 

1 

1 

1 0 1 

1 2 

1 0 1 

1 

1 

0 

I 

0 

0 

l 

1 

0 

1 

0 

1 

3 

1 1 1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

1 

1 1 

1 1 1 

1 

0 

1 

I 

0 

2 

1 

0 

0 

1 

1 

0 

1 2 

1 0 1 

1 1 

o : 

1 

0 

1 

3 

0 

0 

1 

0 

1 

1 0 

1 0 

1 0 1 


Table 5 


State diagram : (i) If I = 0, the counter willl lockout in state 2. 

(ii) If I = 1 the states of counter are as shown in state diagram below : 
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12. Using J— K flip-flops realise a three hit Grey Code counter. Use K-maps for reduction. 

(May 98, 10 Marks) 

Ans. : As it is a 3 bit Grey Code counter, it will go through states 


c 


0 — > 1 — > 3 — » 2 -> 6 — » 7 — > 5 — > 4 


1 


As it is 3 bit counter, we will use thrcc ; J-K flip-flops. 


Present state 



Inputs 



Next states 


Qln 

Qln 

Q(hi 

h 

K, 

d, 

K, 

do 

K„ 

^2n f 1 1 1 

Qln * 1 1 

Q()n * 1 1 

0 

’ (J 

0 (rn 0 ) 

0 

X 

0 

X 

1 

X 

0 1 

0 I 

* 1 1 

0 

0 

1 (m,) 

0 

X 

I 

X 

X 

0 

0 I 

1 

1 1 

0 

1 

1 (m^) 

0 

X 

X 

0 

X 

1 

1 0 j 

1 

1 0 1 

0 

1 

0 (in 7 ) 

i 

1 

X 

X 

0 

0 

X 

1 

1 

1 ° 1 

J 

1 

a > in f ,) 

X 

0 

X 

0 

1 

X 

1 

1 

1 1 1 

1 

1 

1 (lIL/) 

X 

0 

X 

1 

X 

0 

1 1 

1 ° 

1 1 1 

1 

0 

1 Oiij) 

X 

0 

0 

X 

X 

1 

1 

1 ° 

1 0 1 

1 

0 

- — — < 

0 f/n /( ) 

X 

1 

0 

X 

0 

X 

] 0 

0 

1 ° 


Tnblc 6 


tjuny/hibk we have to fcallne yrcy code counter. For reduction wo will use K nuipn. 
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K- map for .1, 


QiQ 0 - 


Q, 


Q i Q o 

oo 


Q i°o QiQ 0 
oi 11 


Q 1 Q 0 
10 


^2 0 

o 

O 

0 

1 

0 

3 


f||| 

Q 2 i 

X 

4 

X 

5 

X 

7 


jjjl 


J 2 = Q 1 • Q 0 


K- map for J 1 


Q-|Q 
°2 \ 

0 Q 1 Q 0 
00 

QiQo 

01 

Q 1 Q 0 

11 

QiQo 

10 , 

&> 0 

0 

pi 

§jj| 

X 


0 

1 

3 

2 

Q 2 1 

0 

0 

X 

X 


4 

5 

7 

6 


Jl - Q 0 


QiQo 


Q 


2 

^2 0 
Qp 1 


K- map for J 0 

« ? 

SA SiQo QiQ 0 QA 

00 01 11 - 10 




X 

3 

0 

2 

ill 

; : >P) 

1 6 

1 

0 

4 

X 

5 

HI 

il§l> 

7 

6 


Counter 


K- map for K 2 


Q '°" Q,Q 0 
Q 2 \ oo 


QiQo 


QiQo 


01 11 


QiQo 

10 



P 

0 

X 

1 

X 

3 

X 

2 


ill 

4 

0 

5 

0 

7 

0 

6 


K 2 - Q 1 Q 0 


K- map for K 1 


Q-iQi 


0 0 


^2 o 


Q 2 1 


Q 1 Q 0 

00 

QiQo 

01 

QiQo 

ii 

QiQo 

10 

X 

X 

0 

0 

0 

i 

3 

2 

X 

i> 

Sl| 

0 

4 

5 

7 

6 


K 1 - Q 2 Q 0 


QiQo 


Qo 


^A 


00 


K- map for K 0 

n i Q o Q,Q 0 
01 11 


Q A 

10 


S ,0 


Qp 1 


X 

0 

0 

i 




m 

3 

2 

id 

ill) 

0 

X 

4 

5 

7 

6 


J 0 = -f Q 2 Q 1 


- ® ^2 


Kq — + T 5 2 Q<| 

= Qy®Q 2 
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Circuit Diagram for 3 hit Grey code counter using JK flip-flop : 


°1 q 2 



13. Explain the term 'glitch' w.r.t. a ripple counter. Explain drawing waveforms. 


Ans.: Refer Section 9.3.3. 


(May 98, 4 Marks) 


14. On what factors the speed of a ripple counter depends ? (May 98, 3 Marks) 

Ans.: Speed of operation of a ripple counter depends upon "propagation delay" of FF and clock 
frequency. If frequency is mote and propagation delay is large, we come across invalid states. 


15. (a) Obtain a mod-6 asynchronous counter, 
(b) Give the decoding logic required. 


(Dec. 98, 6 Marks) 
(Dec. 98, 3 Marks) 


(c) What will be maximum clock frequency for the above mod-6 asynchronous counter? 

Ans. : 


Step 1 : State diagram = 6 states => 0 to 5 


t 


Fig. Q. 9.15 


No. of states N = 6 n < N = 2 m 

6 < 2 m 

-> No. of flip-flops 


m = 3 
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Step 2 . For design of reset circuit : 

Truth table is, 

N = 2 m = 2 3 = 8 

But n = 6 

0 to 5 arc valid states. So output will be one for 0 to 5. 

6 and 7 arc mva,ld states. So output will be zero for 6 and 7 states. 
Truth table is as given in Table 7. 


Valid S 


Step 3 : First we will make K-rnap for above circuit : 

K- map 


Invalid 


{ 


c 

B 

A 

YO/P 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 


Table 7 




Points : (1) Counter is up counter. Therefore we have to cascade Q output negative edge triggered fdp- 


flop and final output from Q. 

(2) Flip-flops should have active low reset (clear) terminal. 

(3) Propagation delay presently assumed 0 nsec. 

Step 4 : Circuit Diagram for motM» asynchronous counter is as follows : 
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Outputs 

Fig. Q. 9.15(a) 


As it is mod-6 counter, it has 0 to 5 states. So when counter reaches 1 10 state, input for OR gate 

(Reset logic) is C and B; that is 00, giving output zero. This zero output is given as CLR to all 
counters, which clears all the counters giving 000 state. 

(c) Time period of CLK (T CLK ) > N x tp d 

tp d = propogative delay 


N = No. of FFs 

Maximum clock frequency f = — — = — — A 

( 4 ' max CLK NtJ -Ans. 

16. Design a 3— bit counter with input control signal E. The counter will undergo the steps 0—2— 
4-6-0 if control signal is held high. The counter will undergo steps 1-3-5-7-1 if control 
signal is held low. (June 9% u Marks) 

Ans.: Refer Section 9.9, Ex. 18. 


17. Design ripple counter for state diagram shown in Fig. 9.17. (June 99, 10 Marks) 




Fig. 9.17 

Ans.: Refer Section 9.3.2, Ex. 3. 

18. For asynchronous sequence counter with sequence -2-6-5- 3— 1-0-2. (June 99, 16 Marks) 

(a) Give present state/next state (able. 

(b) Set up excitation table for input of FF, (use D FF). 

(c) Construct K-maps for excitation inputs of flip-flop, simplify and realize the circuit. 
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(d) If the counter enters any unused state will it go to lockout condition? 
Ans. : Given sequence is, 

2 — > 6 5 — » 3 — » I — > 0 — > 2 


< co f r iF n 


k'- 

.. 


! • 


K 




Valid <; 
states" 




Invalid 

states 


{ 


Present state 


Next state 

* 

O' 

Qln 

Qon 

f?2n + 1 

Qln + 1 

Qon + 1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

1 

0 

l 

1 

0 

1 

0 

1 

1 

0 

1 

1 

.0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 • 

1 

0 

1 

0 

0 

X 

X 

X 

1 

1 

1 

X 

X 

X 


k" 


state. 


Table8 . 

States 4 and 7 are unused states. If counter enters any unused.state we will write don't care for next 


So for 100 and 111 we will write don't care. 

(b) From Table 8 we can construct excitation table for input of flip-flop. 
Here we are using D flip-flop. 

As there are 6 used states, so value of N = 3 
So we are using 3 D type flip-flops. 

Excitation tabic : 




Used < 
states 


Unused 

states 


{ 


Present state 

D inputs 

Next state I 

Q 2 n 

Qln 

Q(hi 

I>2 

Di 

D 0 

Q211+1 

Qln+1 

Qon+1 1 

0 

1 

0 

r 1, 

.1 

0 

1 

■ J 

0 1 

1 

1 

0 

1 

0 

1 

, l 

0 

l 1 

1 

0 

1 

0 

1 

1 

0 

1 

1 

0 

l 

• 1 

0 

0 

1 

: 0 

\ 

0: 

V 

0 

0 

1 

0 

0 

0 

0 

0 

0 1 

0 

’o 

0 

0 

1 

0 

0 

1 

0 1 

1 

0 

0 

X 

X 

X 

X 

X 

X 1 

1 

l 

1 

X 

X 

X 

X 

X 

X 1 


Tabic 9' 




v \ 

v 


< 

‘ 




\ 


(c) From Table 9 we have to construct K-maps for excitation inputs of D flip-flop and design the 
circuit. 
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(d) In above sequence 4 and arc invalid slates. IT the counter enters states 4 and 7. we will check 
oin circuit diagram whether it will go to lockout condition or not 


Pi 

resent state 

Input of D FF 

Next State 

q 2 

Q, 

Qn 

*>2 

L Di 



Qln+1 

Qon+l 

1 

0 

0 

0 

0 

1 

0 

0 

1 

I 

I 

1 

0 

1 

1 

0 

l 

1 


Table 10 


1 1 cm Table 10 we can conclude that if counter enters state 4. next state is 1 and if it enters state 
n^xi state is 3. So counter go back to valid states. So it will not go to lockout condition. 


© 0 




t 


Fig. Q. 9.18 (a) 


□ □□ 
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-1Q.1 Register [Parallel and Shift register] : 

l Introduction 

Till this point, we have studied different flip-flops and conversion from one to another. Now, let's 

oncentrate on application part of flip-flops. The most common use of FF is a simple Register (OR a n bit 

storage device). In next section, we will start with basic definition of register and slowly move on 
to shift register. 

*r er ' S 3 ^ r0U P memor y element that work together as a unit Register simply stores a binary 
or buff 0 rc ^ IS * er acce P^ parallel data and outputs parallel data, the same is referred as Parallel register 
. . * ^ r ^* s * er * register, it is nothing but memory element with facility of shifting left and 

it by bit. Before going deep into shift register, let's see structure of buffer register. 

10.1.1 Buffer Register : 


Buffer register is simplest kind of register and stores digital word. The structure of buffer register, 
built with the edge triggered D type FF is shown in Fig. 10. 1 . 


0 


'O 



O/P 

Fig. 10.1 


Working : 

(1) Initially, consider Q 3 Q 2 Qj Q 0 = 0 0 0 0 

(2) Apply data to be stored at input terminals Y 3 - Y 0 . Let's say Y 3 Y 2 Yj Y 0 = 1010. 

(3) Apply clock pulse. 

(4) When first clock edge arrives, Y 3 Y 2 Y, Y 0 = Q 3 <) 2 Qj Q, = 1010 

(5) Even though if now Y 3 Y 2 Y, Y 0 = 0 0 0 0, Q 3 Q 2 Q, Q 0 = 1010 i.e. latched. 

Conclusion : 

From Fig. 10.1 and WORKING we conclude that, 

(1) There must be one FF for each bit in binary number. for 4 bit we require 4 FFs. 

(2) Simultaneously Y 3 - Y 0 was applied and loaded to Q 3 - Q 0 by single clock pulse. i.e. at a time 

Q 3 to Qo was loaded. 

(3) Therefore, the way we applied input and taken output, is called parallel in - parallel out (PIPO). 
The block schematic representation is shown in Fig. 10.2. 
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Parallel data 
I/P 




MSB 




LSB 



O/P 

Parallel data O/P 


Fig. 10.2 

This is also referred as Parallel Shifting. 

10.2 Serial Shifting : 


Shift Register 


i 


One more method of loading or shifting the data is called Serial Shifting. 

What do you mean by serial ? 

Serial means bit by bit data flow, serially, on single 
line. Serial shifting has only single bit data line, not 4 or 8 
as in parallel loading. The serial shifting can be represented 
block^chcmatically, as shown in Fig. 10.3. 

Single bit data is entered in register and serially single 
data bit is taken out, through register. A group of flip-flops 
connected to provide serial out, when serial input is given, 
is called Shift xegister^ 

Basically if you see, loading parallel data is much faster than the serial. Secondly, normally we work 
with 8 bit. 16 bit, and 32 bit parallel data bits. So one can ask, why you think of serial data ? The 
answer for the question is very simple. If you see, uptill now we are looking of loading the registers, but 
now think of loading or transmitting data at distant end. Fig. 10.4 shows parallel and serial data 

transmission. 


Serial 



Register 


Serial 



Fig. 10.3 



(a) Parallel data transmission (b) Serial data transmission 


Fig. 10;4 
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distance between A and B location is in tnc c ■ Transm ission line, so reflection im Dc a ‘" 8 

iengtb of the wire is no, the sold, ions bccatts now power wifl increase to^ 

n, a, chins, power reqtnred etc. pntnmcter. wc ha ^ ^ |Q bc incrcased . ... Powcr cons T°'' r ' t 

eonsnmption of the system In pamllcl. powe 8 ' transmission is preferred over paralu “ 

much, in contparision with single line of senal. .% Normally senatu K ^Parallel. 

A, this point you must be eager to know how serial data looks like. It is shown tn Fig. 10.5. 


A Amplitude 



Fig. 10.5 : Format of Serial data 


As shown in Fig. 10.5, data is represented on time axis is bit by bit, not full 8 bit or 16 bit as in 
parallel. Time 't' for each bit is same. Data stream shown is ... 0 , 1, 1, 0, 1, 0, 1, 0, 0, 1 .... 

Therefore serial communication has become common and most widely used media for communication 
But our systems are normally dealing with parallel (8 bit, 16 bit and soon), .\ one has to convert parallel 
to serial. This function is also called as parallel input and serial output (PISO). 

Serial data is now transmitted.to location B. On receiving side (B side), one has to convert serial data 
back to parallel. This function of conversion is called serial in and parallel out (SIPO). Finally one may 
require serial in and serial out (SISO). Fig. 10.6 shows generalised block schematic of four functions 


Serial 



Serial in 


MSB 


(a) 

Parallel in 

I/P 

y v 


LSB 


ami 



Seria^o ut 


(C) 



O/P 

Parallel out 

(b) 


Parallel in 


MSB tSB 

U1--U1 


Serial in . 


Register(s) 


U1~-TTT 


Seritd out 


MSB 

V 


LSB 


Parallel out 

(d) 


Fig. 10.6 
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Shift Register 


Serial Left Sh'f ~] ' n °^ Crat *° nS arC P^ormcd, serial left shifting and serial right shifting. 


i 



Fig. 10.7 

Fig. 10.7 shows serial, operation, built using D Flip-Flop. To know data shifts left we temporarily 

take output of Q 2 Q, and Q 0 also. 

Working : 

(1) Initially all FFs are reset Q 3 Q 2 Q, Q 0 = 0000 

(2) Make Data IN = 1. 

(a) At first CLOCK edge, output will be Q 3 Q 2 Qi Qo = 

(Refer truth table of D FF). 


(b) 

At 2 nd CLOCK edge, output will be 

QjQ 2 Q, Qo - 0011 

(c) 

At 3 rd CLOCK edge, output will be 

Q 3 Q 2 Q,Qo = 01 11 

(d) 

At 4 dl CLOCK edge, output will be 

Q, Q, Q, Q 0 = 1111 

(3) Now the Data IN = 0. 


(e) 

At 5 th CLOCK edge, output will be 

Q 3 Q 2 Q,Qo = >110 

(0 

At 6 dl CLOCK edge, output will be 

Q,Q 2 Q,Qo * 1100 

(g) 

At 7 th CLOCK edge, output will be 

Q 3 Q 2 Q,Qo = 1000 

(h) 

At 8 th CLOCK edge, output will be 

Q,Q 2 Q,Qo = 0000 

— , — , — . — r-i . • ! — : — ! — i — n : 


CIK pulse 


Data in 


a 0 -2f 


a, 


0 


a. 


o 


-*■ 


o 


0 


0 1 


oTT 


0 


1 0 


I 

I 

o ! o 

1 


tTjOjl 


I I 

I I 


i ! 1 


1 st Cycle- 


0 


JT 


F 


of 


To 


1 0 


• 2 nd Cycle - 


Fig. 10.8 
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, , . tn ,„ fl hin d. .-. called left shifting. Let’s obscrv. 

If you observe. 1 or 0 travels from right hand to jq g 

waveforms for the same. Waveforms arc self explanatory. Re er ig 

[Shi ft Right ' 

Fig 10.9 shows serial right circuit, built using D FF. 


° 3 rDatal ° 2 


CLK 
D FF 


CLK 
D FF 


Di 
CLK 
D FF 


CLK 

OFF 


'Serial out 


Fig. 10.9 

Working : 

(1) Initially all FFs are cleared. .\ Q 3 Q 2 Q, Q 0 = 0000 

(2) Make Data In =1 


(a) 1 st CLOCK edge, output will be, 

Q3 Q2 Qi Qo 

= 1000 

(b) 2 nd CLOCK edge, output will be. 

Q3 Q2 Qi Qo 

= 1100 

(c) 3 rd CLOCK edge, output will be, 

Q3 Q2 Qi Qo 

= - 1110 

(d) 4 dl CLOCK edge, output will be. 

Q3 Q2 Qi Qo 

= 1111. 

Now applv Data In = 0 . 

(c) 5 dl CLOCK edge, output will be. 

Q3 Q2 Qi Qo 

= 0111 

(0 6 ll 'CLOCK edge, output will be. 

Q3 Q2Q1 Qo 

= 0011 

(g) 7 d ’ CLOCK edge, output will be. 

Q3 Q 2 Qi Qo 

= 0001 

(h) 8 dl CLOCK edge, output will be, 

Q3 Q2Q1 Qo 

= 0000. 


Thus 1 and 0, travel from left to right. .\ right shifting. 

1 0.4 Serial in-Parallel out : 

In this function, data is entered serially and taken out in 
parallel To take data parallcly out, it is necessary to have 
all data bits available as output, at the same time and 
therefore output of each FF is taken. 


Data outputs 

, ^ , 

V cc Q h Qg q f q e c,0Ck cl0Ck 

rarararnir^m ptl 


54 / 74164 


Qb *c q 0 gnD 


A B Q a Q b Jc_J 
Data inputs Ona outputs 

Fig. 10*0 ; DIP pin out 
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Parallel data outputs 
Fig. 10.11 : Circuit diagram 
If you observe the diagram carefully you will find that, 

( 1 ) Clock of all FFs are tied together, therefore all FF changes state at same time 

(2) Asynchronous input, CLEAR, is given to all FF, So that when CLEAR = 0 all FFs are reseum 

output Q = 0000 0000. m rcsct,ed 

'I (3) A and B are data inputs, either of the terminal can be used as control tine. 

When A = 0, irrespective of B, input to FF will be 0 At each Cl one , , 

to ri uht and afW 8 n orv . ^ h CLOCK edge 0 travels from left 

mh.brtcd Q ° UtPU ' = 0000 0000 " means « B “ Da “ >”• fcta wtU ge, 

When A = 1, NANDgets enabled and data Input B passes through NANDgate inverted The input 
data shifted serially in the register. 

(4) Output of all FFs are laken as final output. O/p is Q, not "q . Output appears at a lime, it is 
parallel output. 

1 >) Data inputs may be changed while CLOCK is either low or high. 

J O-5 Parallel in - Parallel out : 

This type we have already studied in section 10.1.1, buffer register. In that Y,-Y 0 was inputed 
parallel)’ and Q. to Q 0 taken out parallel)’. 

_Ri ng Counter : 

[ASKED I N EXAM - MAY 98 lit ] 

^ e fer Fig. 10.7. In that circuit if Q 3 is connected to Serial Data In . then circuit is going to circulate 
Ejected pulse. The way circuit behaves, it is named 'Ring Counter . 
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Circuit 


Shift 


Regis ter 


\ A 

A .A 

■\ • 

\ 

•.•A- 



V 

A 

-A 


Fig. 10.12 : Ring counter 

Working : 

Basically ring counter resembles shift register because the bits are shifted left one position per positive 
clock edge. Only change is feedback line. i.e. output of Q 3 given to Q 0 . 

(1) Initially CLOCK goes low then back to high. .-. F 3 , F 2 , F, will be reset and F 0 is preset giving 
output Q 3 Q 2 Q, Q 0 = 0001. 

(2) At first positive CLOCK edge, MSB moves to LSB, (Q 3 ->Q 0 ), Q 2 — > Q 3 , Q, — > Q 2 and Q 0 -> Q,. 

output Q 3 Q 2 Q, Q 0 = 0010 

(3) At 2 n( * positive CLOCK edge, with respect to second point, bits will shift left. 

.•. output Q 3 Q 2 Q, Q 0 = 0100. 



Fig. 10.13 : Waveforms for ring counter 

(4) At 3 r( * positive CLOCK edge, with respect to 3 rtl point, bits will shift left 
output Q, Q 2 Qi Qo = 

(5) At 4 11 * positive CLOCK edge, with respect to 4 th point, bits will shift left 
.*. output Q 3 Q 2 Qj Q 0 = 
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Thus presetted 'i 1 r^n 7 15—? 

Observe c ° WS circular path or makes ring. .■. it is called as ring counter. 
Observe waveform for the same. Refer Fig. 10.13. 

Conclusion : 

0) Number of FFs used are 4. 

Number of l^s ^ C0Unter arc a ^ so 4 - * e - 0001, 0010, 0100, 1000 and chain repeats 

Initi^ii ^ ° Ut ^ ut Q ^ 0r ^ bk So for 8 bit 8 FFs will be used. 

Initially Q = 0000 0010 

-a 


Shift Register 


( 2 ) 

(3) 


1 st clock edges, Q 
2 n ^ clock edges, Q 
3 rd clock edges, Q 
4 th clock edges, Q 
5 th clock edges, Q 
6 th clock edges, Q 
7 th clock edges, Q 
8 th clock edges, Q 


0000 0010 
0000 0100 
0000 1000 
0001 0000 
0010 0000 
0100 0000 


1000 0000 

0000 0001 -> Repeat, 

If you require you can also take output from Q. 
for 4 bit Refer Fig. 10. 12 

Initially when CLOCK =0 Q = 0001 Q = 1 1 10 


1 st CLOCK edge Q =1101 
2 nd CLOCK edge Q =1011 
3 rd CLOCK edge Q =0111 

4 th CLOCK edge Q = 1110 

Application : 

Ring counters are invaluable when it is necessary to control sequence of operation. 
Mainly ring counters are used in microprocessor. 

Relationship of number of states and FFs : 

In ring counter number of FFs and number of states are equal 
Ring counter using JK FF is shown in Fig. 10.14. 
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Johnson Counter (Twisted Ring Cou nter) ': 


Shi^ Renister 


^ [AS KED IN EXAM - MAY 96, DEC. 96, MAY 97 !!! ] 

direct feedback R V' S ^" (t rC ^’ slcr was ^ cd back 10 ln P ul of first FF, that technique was refered as 
technique is called /, v ! TrfT ° f ' aSt FF arC Cr ° SSCd and thcn conncctcd t0 inputs of First FF. the 
twisted ring counter ^ ^ ^*' C counler ' vc 8 ct from this technique is called Johnson counter or 

Circuit : 


draw circuit of Johnson counter using positive edge triggered JK FF. 



(a) 4 bit Johnson counter 


CLOCK 

Qd 

Qc 

Qb 

Qa 

State 

Decimal equivalent 

Initially 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

2 

0 

0 

1 

1 

3 

3 

3 

0 

1 

1 

1 

4 

7 

4 

1 

1 

1 

1 

5 

15 

5 

1 

1 

1 

0 

6 

14 

6 

1 

1 

0 

0 

7 

12 

7 

1 

0 

0 

0 

8 

8 _ 

8 

0 

0 

0 

0 

1 

0 


(b) Truth Table 
Fig. 10.15 


Working : 

(Refer Fig. 10.15 (a) and (b).) 

1 Initially CLOCK is made low and then high after some time. 

.*. all FFs will be cleared and output Q D Q c Q B Q A = DCBA = 0000. 
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Shift Reg ister 


4. 


5. 


Inputs J ?) J„ J I; o. K„ - K r - K n = 1. and J, - 1. K A = 0. So when CLOCK edge hits. 

, e ,an 8 u ,roin 0 -> I BCD arc unchanged. DCBA = 0001. 

nputs J, = J( . = o. K n = K r = 1. But J A = J D = 1 . K A - K B = 0. the moment CLOCK edge hits 

ire unchanged. A is also unchanged. But B changes from 0 — > 1 
DCBA = 0011. 

lnpU,S Jd ~ ° K ° = °’ J \ = J H = J,- = I and K a = K n = K c = 0. the CLOCK edge will change 
output C from 0 -> 1, A. B and D are unchanged. DCBA = 0111 
,npiU J ” = = J n = J A = 1 and K d = K c = K n = K A = 0. 

next CLOCK edge changes D from 0 -> 1. DCBA =1111 
Because of change of state of D from 0 -> 1 . Now 1/P to J A = 0 and K A = 1 . J D = J c = J n = 1 and 
d r~ - 0. next CLOCK edge changes A from 1 -> 0. DCBA = 1 1 10. 

Nou input to J A = J B = 0 and K A = K B = 1 and J D - J c =1 and K D = K c = 1. .-. next CLOCK edge 

cluinges B from 1 -> 0. .-. DCBA = 1 100 means A, D, C are unchanged. 

At this stage input to J A = J D = J c = 0 and K A = K B = K c = 1. J D = 1 and K D = 0. next CLOCK 
edge keeps A. B and D unchanged, C changes from 1 -> 0. .-. DCBA = 1000. 

Finally input to J A = J B = J c = J D = 0 and K A = K B = K c = K D = 1 .-. at next CLOCK edge D 
clitingcs from 1 (). .-. DCBA = 0 0 0 O.Now cycle will repeat from point 2 onwards. 

As we have seen in working of Johnson counter and obseiving truth table, we conclude that number of 
slates of Johnson counter are double of number of FFs. Therefore for 4 FFs states will be 8. 5 FFs suites 
will be 10 and for 8 FFs suites will be 16. 

Jolmson counter using DFF. 


Fig. 10.16 

The working of the circuit is same as what we have seen. 

1 0.8 Applications of Shift Register : 



Shift registers can be used for : 

(J) Generating sequence (pulse generator) 

(2) Counters 

(3) Random bit generator. 
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1 • Sequence Generator (Pulse Generator) : 

Block schematic structure is shown in Fig 10.17. 


Shift Register 



Fig. 10.17 

Basical 1\ shift register sequence generator contain basic two blocks : 

(1) 'N' bit shift register (SIPO type). 

(2) Combination logic circuit. 

binational logic circuit has input Q N , to Q 0 . From this it will decide, what should be the next 

... . ^ ^ ^ 0r register block, should be generated, so that new state or sequence will appear. Now we 

v\ ill take an example to design sequence generator. 

Ex. 1 : The following pulse train is to be generated by using a shift register. Explain the steps in 
designing and draw logic diagram. 

pulse train ... 1011010110 ... 

Soln. : 

(1) Observ e the pulse train carefully and you will find that main pulse train, which is repeating, is 10110. 
i.e. ■.. ,101 1 Q f 1 0 1 10, ... 

Main Repeating 

(2) Calculate number of distinct timing intervals. In short you calculate number of bits of pulse train. In 
our case it is, 

5 (10 110) 

1 2 3 4 5 ... 

(3) Number of FFs can be given by equation, 

S < 2 N - 1 

where N = Number of FFs. 

S = Number of distinct timing interv als. 

5 < 2 N -1 

6 < 2 N .'. N = 3 
3 FFs are required. 


Note : It may happen that if we sequence the pulse train properly, might be number of states given by| 
3 FF will be of repeating nature. Therefore we may have to increase number of FFs 

(4) Preparing state table for sequence generator. 

Make table, containing number of states, decimal equivalent and 3 output of FF (N = 3) 
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(b) Under column 1st (Normally MSB is selected) write down sequence Vertically 1 . 

(c) Now just imagine that sequence is having ring structure and shift the full sequence by one bit. 

if sequence is 10110. rotate it left by one bit so we will get 01101, Write down shifted version 
under column 2. 

(d) Again shift the sequence by one bit. Therefore with respect to original it will be shifted twice. 

sequence under column 2 is 01 101. shift left by one bit. sequence is 1 1010. Write it under 
colunm 3. 

(e) Continue shifting of sequence unless you reach to LSB column. 

After shifting (Rolling) sequence now find out decimal equivalent of binary sequence. For our 
case we got 5, 3, 6, 5, 2 . 

In lliis decimal sequence, decimal number 5 is repeated twice, states are not distinct. we have to 
increase number of FFs to get distinct states. 

Therefore make state table again with four FFs. 
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cdwre for n. .iking truth tabic is same as \\c discussed just now If we observe the decimal 

equivalent, it is coming out to be 11. 6. 13. 10. 5 AH states are distinct 
(5) Dcs, " n combinational circuit : 

c ^‘ nc ,0 * in ^ 01)1 D ^ °f combinational circuit, given to shift register, so that suite changes "* 

irom pre\ ions to next 

Po 

* ct s sa -' DC BA = 1011 (1 decimal), what should be input to shift register, so that 
o 'll b(. 01 lo Means we have to apply 'O’ to input of shift register or in short Y should be 0 

- ante wa> \ ou find > for each state. The format of table is shown in Fig. 10. 18(c) 



column column 

Fig. 10. 18(c) 

As show n in Fig. 10.18(c). output Y of combinational circuit is again nothing but 1 bit shifted 
version of LSB column. j» 

(6) K-Map : 

Valid states arc 11.6, 13. 10. 5. remaining states are don't care, states reached to 13. four variable 
K-Map should be used. 
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S hift Re gister 


JITL 


CLK 


IN 


4 bit SIPO shift register 


Serial in 


°D Q C °B Q 

A 

-4 


Combinational 

circuit 

UirvL. 

— M J ! Y O/P 


Fig. 10.18(c) 


— ggeudo Random Binary Sequence (PRBS) Generator : 

One important application of shift register is pseudo-random generator. It is basically used to generate 
ran om sequence. Due to random sequence generation the same can be used for generating noise as well 
as used for data encryption. By generating random noise, one can test immunity given by his/her design 
to the noise. By encrypting data, it becomes difficult job for a person who hacks the data in between. 
Basically, the sequence generated is not trucly random because it cycles through all possible combinations 
once every- 2" - 1 clock cycles (n = number of FFs). 

Generation of pseudo random sequence is based on feedback given to shift register through 
Combinational logic circuit. Fig. 10.19 depicts noise generator based on pseudo-random sequence The 
combinational circuit used is simple EX-OR gate. 




Fig. 10.19 : Noise generator based on pseudo-random sequence 
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. u scs, 31 stage shift register provided with linear feedback to produce maximum length pscudo- 
fro ^ SCf l ucncc ^ nc of the significant features of pseudo-random sequence is that the noise produced 
n 1 1 icrc is repeatable. The spectral density of the noise output of this circuit is uniform to within ±1 dB 
over the frequency range 2<)Hz to 20 kHz. 

The maximum length of sequence (MLS) generated will be 2 n -1. 

" 2 - 1 = 2 31 - 1, sufficient length to encrypt the data. 

10.10 1C 7495: 


We arc going to study now TTL MSI Chip 
^495. 4 bit shift register with serial and parallel 

synchronous operating mode. Features of the chip 

arc: 

Synchronous shift left capability. 
Synchronous parallel load. 

Separate shift and load clock inputs. 
Synchronous expandable shift right. 

Let's see Internal block of IC 7495 and Pin 
configuration. 


( 1 ) 

(2) 

(3) 

(4) 


[ASKED IN EXAM - DEC. 98 !!! ] 


Outputs 


V, 


CC 


Qj 




Clock 1 
right shift 

o 1 


U2 Fa] F 2 I fTT| fiol |T1 R1 


Clock 2 
left shift 
^ (load) 


Db Oc O 

Serial input 


D CK, CK 2 


B 


D Mode 


Lil L-Ll ijj L±J l_j] I e 1 1/ 1 

Serial B C D Mode GND 

input ' control 

Inputs 

Fig. 10.20 (a) : Pin diagram 



Outputs 


Fig. 10.20 (b) : Logic diagram (also called universal shift register) 
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Wc arc going to perform basically three functions using 7495 : 

(1) Parallel load. 

( 2 ) Shift left. 

.3) Shift richt. 

1. Parallel Load 

(a) Ma\c mode control = 1, therefore AND gate 2. 4, 6, 8 will get enabled, and gates 1. 3, 5, 7 will 
get disabled. 

(b) Apply input ABCD. 

(c) In this case clock 2 input (pin number 8) is enabled. Therefore a HIGH to LOW transition on 
c ock and input will transfer parallel data ABCD inputs to Q 0 - Q. outputs. 

;d) Here clock 1 input is don't care. DS is also don't care. 

2. Shift Right 

(a) Make mode control = 0, therefore AND gates 1, 3, 5, 7 will be enabled and AND gate 2. 4. 6. 8 
will get disabled. 

(b) The data input to FF Q A is now at serial input (D s ). 

(c) Clock and input is don't care. ABCD inputs are don't care. 

(d) Apply CLOCK input to clock 1. 

(e) A HIGH to low transition on enabled clock 1 input transfers data serially from D s to Q A , Q A to 
Q b . Qb t0 Q c an d Qc t0 Qd respectively (right shift.) 

3. Shift Left 

(a) For shift left operation external connection are to be performed. 

Connect Q D to C, Q c to B and Q B to A. 

As shown in Fig. 10.21. 
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(b) Make mode control = 1 
(c> Apply serial data to input D (pin no. 5). 

(d) Clock input 1 is don't care. 

(c) Apply CLOCK input to clock 2 (left shift). 

(0 Each HIGH to LOW transition will transfer data from D to Q D , Q n to Q r . Q c to Q B and Q B to 
Qa * c - left shift operation performed. 


Ex. 2 : Generate the following pulse train using shift register. 
11001110 . 

Soln. : 

(1) Pulse train is 11001110. 

(2) No. of distinct timing intervals are 8. .*. No. of FFs required are 

S 


< 2 n - 1 


8 

9 

(3) State table. 


< 2 n 
< 2 n 


1 


N = 4 



No. of states are distinct Le. 12, 9, 3, 7, 14, 13, 11, and 6. 


State 

D 

c 

B 

A 

Y 

1 

1 

1 

0 

0 

1 

2 

1 

0 

0 

1 

1 

3 

0 

0 

1 

1 

l 

4 

0 

1 

1 

1 

0 

5 

1 

1 

1 

0 

1 

6 

1 

1 

0 

1 

1 

7 

1 

0 

1 

1 

0 

8 

0 

1 

1 

0 

0 


Fig. 10.23 
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(5) Logic diagram. 


J)C 


B A 

00 

Ha 01 

BA 11 

BA 10 


PH Pc 


DC DU 




0 

X 

4 


r? 

12 


8 


X 


X 


1 


1 



1 




Tj 


9 


1 

3 

0 

7 


X 

15 

0 

ii 


2 

0 

6 


i 

14 

X 

10 


Y = H + PC + DC = H + (D©C) 



i 


Fig. 10.24 

Ex. 3 : The following pulse train is to be generated by using shift register. 

designing and draw logic diagram. 

Pulse train 10101, 10101, ... 

Soln. : 


Explain the steps in 


(1) Pulse train is 10101 


(2) No. of. liming Intervals are 5. 

(3) No. of FFs < < 2 N - 1 where N = no. of FFs. 
5 + 1 < 2 n 6 < 2 n , .-. N = 3 

(4) State table : 



< 


Fig. 10.25 

Decimal equivalent states arc 5, 2, 5, 3, 7. .*. 5 is occurring twice in the sequence. 
.-. Now try with 4 FFs. 


State 

D 

c 

B 

A 

Decimal equivalent 

1 

2 

3 

4 

5 

1 

0 ^ 

1^ 

0^ 

1^ 


1 


10 

5 

11 

6 

13 


Fig. 10.26 
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ntcs of counter arc unique 10, 5. 11. 6. 13 
(5) Design of combinatioal circuit 


State 

D 

c 

B 

A 

Y 

i 

1 

0 

1 

Ox 

JW 1 

2 

0 

1 

0 

1^ 


3 

1 

0 

1 

1^ 

^r0 

4 

0 

1 

1 


>1 

5 

1 

1 

0 

1^1 

41 0 


Fig. 10.27 


K map : 



(6) Logic diagram 
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JOJj Analysis of Shift Counter : 

In this, circuit will be given and one has to find states through which shift register passes. To 
understand this let's solve example. 

Ex. 4 . A shift register with associated combinational logic circuit is shown in Fig 10.30 Explain its 
action by drawing waveforms for the outputs of shift register (ABCD). Assume that Initially shift 
register is in the state ABCD = 1111. 





Soln. : 

( 1 ) Write equation for output Y. 

(2) Basically output Y is serial in for shift register, shift is left shift, serial in placed in LSB i.c. 

D. 


So make table. 


CLOC 

Kedge 

Serial 

In 

A 

B 

c 

D 

O/PY = (A0B) + CD 

— 

— 

1 

1 

1 

1 

0 

1st 

0 

1 

1 

1 

0 

0 

2nd 

0 

1 

1 

0 

0 

1 

3rd 

1 

1 

0 

0 

1 

1 

4th 

1 

0 

0 

1 

1 

0 

5th 

0 

0 

1 

1 

0 

1 

6th 

1 

1 

1 

0 

1 

0 

7th 

0 

1 

0 

1 

0 

1 

8th 

1 

0 

1 

0 

1 

1 

9th 

1 

1 

0 

1 

1 

1 

10th 

1 

0 

1 

1 

1 

1 

11th 

1 

1 

1 

1 

1 

0 


Fig. 10.31 
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Explaination : (Refer Fig. 10.32) 



Initially ABCD =1111,/. Y =- (1 © 1) + 1 1 = 0 + 0 = 0 

/. Y = serial In = 0, /. when 1st CLOCK edge hits, ABCD =1110 (Left shift). 

Now ABCD = 1110, /. Y = (1 © l)+To =0 + 0 = 0 

/. Y = serial In = 0, /. when 2 nd CLOCK edge hits, ABCD = 1100 

Thus you proceed till you get initial condition ABCD = 1111. 

From table (Fig 10.31) we found that counter, counts tlirough 15, 14, 12, 9, 3, 6, 13, 10, 5, 11, 7 and 

15. 

Thus generates sequence -> 111100110101 
Waveforms (Waveforms are as shown in Fig. 10.32):,. 

Ex. 5 : Using a shift register design a pulse train generator to generate the waveform shown in 
c 'ig. 10.33. Also examine the response of the circuit for all illegal states. 



Fig. 10.33 


Soin. : 

( 1 ) 7’he pulse train is 0 10 1 0. 

(2) No. of distinct time intervals are 5. 

(3) No. of FFs required will be 

5 < 2 n - 1 


6<2 


N 


Ns 3 


(4) State tabic 


State 

c 

B 

A 

YO/F 

Decimal 

equivalent 

1 

0 

1 

0 

- 

2 

2 

1 

0 

1 

- 

5 

3 

0 

1 

0 

- 

2 

4 

1 

0 

0 

— 

4 

L J 

0 

0 

1 

— 

1 
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increase one FF. 


Shift R(; gistor 


' State 

IT 

I V* 

» 

1 

E 

r. 

1 Y 

o/p 

(5) K-map 

~] \DC 

Decimal | D a\ 

equivalent • 

1 : 

UC 

00 

15 c 

01 

DC 

11 

DC 

10 

1 

0 

1 

0 

1 

0 

C 

Ha oo 

( 



1 

X 

x) 






J 




0 

4 

12 

9 

2 

i 

0 

1 

0 

0 

10 

BA 01 


X 


0 

X 

0 











1 

5 

13 

9 

> 

0 

1 

0 

0 

1 

J. 















BA 11 


X 


X 

X 

X 

4 

1 









3 

7 

15 

11 

4 

0 

0 

1 

0 

9 















BA 10 


& 


X 

X 

0 

5 

0 

0 

1 

0 

1 

2 



2 

6 

14 

10 


(6) Lets check for invalid states. Analysis method is same as followed in Ex. /consider initially 
state is 0000 (Invalid state) 


[CLK 

edge 

Scria 

In 

D 

c 

B 

A 

O/P Y 

= BA + DC 

Decimal states 

Initially 1 

- 

0 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

2 

1 

0 

0 

1 

1 

1 

3 

3 

1 

0 

1 

1 

1 

0 

7 

4 

1 

1 

1 

1 

0 

0 

14 

5 

0 

1 

1 

0 

0 

1 

12 

6 

1 

1 

0 

0 

1 

0 

9 

Initially - 

— 

0 

1 

1 

0 

0 

6 

1 

0 

1 

1 

0 

0 

1 

12 

2 

1 

1 

0 

0 

1 

0 

9 

Initially - 

— 

1 

0 

0 

0 

1 

8 

1 

1 

0 

0 

0 

1 

1 

1 

After this states will be 

3. 7, 14. 12, and 9 

Initially 

- 

1 

1 

0 

1 

0 

11 

1 

0 

1 

0 

1 

0 

0 

10 

Initially 

— 

1 

0 

1 

1 

0 

13 

1 

0 

0 

1 

1 

1 

0 

7 

After this states will be 

14, 12 and 9 

Initially 

— 

1 

1 

1 

1 

0 

15 

L_j 

0 

1 

1 

1 

0 

0 

14 -> Slop 


Invalid 


: 

1 


Valid 

Invalid 

^ Valid 
Invalid 


] 

: 


• Invalid 
. Valid 
Invalid 

Valid 

••Invalid 


Fig. 10.34 
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Total R-s arc 4 No of states will be 16 

^ut ot lo. s 10 4 2 arc valid states Remaining all i c 0 I 

14 ~ , s arc imalid 


Shift Register 


16 7 K 11-12-11 


We arc suppose to (md the sequence when invalid states arc present So start initially with DCBA 
0 0 0 0 (decimal 0) 

I rom table we came to know that after 0 next state is I, then 1. 7, 14, 12 and 9. After getting valid 
'tale, > ou luxe to stop cause if you continue, you wall loop your self in valid states 
After this you now look for remaining invalid states. 

Remaining arc now 6, 8, II, 13, 15 . 

Take each state one by one. 

W hen o is taken, next state is 12 and then 9. So again stop. 

When 8 is taken, next shite is 1 which is invalid. But you arc now already aware what will be the next 
state after 1 So stop these. 


Now select state 1 1, next state is valid 10 so again stop. Select state 13, next state is 7 We know that 
after 7 next states will be 14, 12, and 9. So stop at 7. 

Finally take state 15. next state is 14. After 14 it will be 12 and 9. So stop here. 

Just as a curiosity if we draw state diagram for above problem, it will be. 



Scanned by CamScanner 


Digital 


10-25 


_10-12 Examples from Un iversit y Papers : 


Shift Register 


Dr«u> a schematic diagram of 4-hit hi-dircctional shift register using R-S flip-flops. 
Explain its working. 



Clock 


Fig. Q. 10.1 


Step I : Fig. Q.10. 1 shows 4 bit bidirection shift register. So data is shifted in both directions. 

Step II : Shift right operation : 

Control input M = 1. AND gates P are enabled. 

Data is applied at D 1NR . Data D is shifted towards right when CLK pulses are applied. 

The output for shift right operation is taken at Q 0 . 

>tcp III : For shift left operation : 

Control inut M = 0. AND gates marked Q, are enabled. 

Data is applied at D INL . Data D JNL is shifted towards left [Shown by dotted lines], when CLK 
pulses are applied. The output for shift left operation is taken at Q 3 . 

2. Give truth table and schematic diagram of 4-bit twisted ring counter. Explain its working. 

(May 96, 8 Marks, May 97, 10 Marks) 

Ans.: Refer Section 10.7. 

3. For conversion of 4 bit parallel input to serial output using D flip-flops. Give schematic 

diagram and relevant timing diagram. (May 96, Dec. 97, June 99, 8 Marks) 
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Fig.Q. 10.3 (a) 

Fig. Q. 10. 3. (a) gives us sche iiatie diagram for parallel input serial output 

(i) Inputs arc taken at parallel port B 0 B ( B 2 B V 

(ii) When mode is 1. AND gates marked Q are enabled. 

(iii) When mode is 0. AND gates marked P are enabled. 

(iv) Output is taken at Q 3 . 

The relevant timing diagram is as shown in Fig. O. 10.3(b). 


Fig.Q. 10.3. (b) 
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Shift Register 


At first input applied is B 0 B,B 2 B 3 = 0111 
Mode is = 1 

U) Mode = 1 B 0 B,B 2 B 3 = 0111 

So after first clock edge, Q0Q1Q2Q3 = 0111 

(2) When mode = 0 - j 

(3) At second clock edge. As Q 2 = i/q = j 

As Qi = 1 Q 2 = 1 

As Qo = 0 Q, = 0 

(4) At third clock edge As Q 2 = l, q 3 = 1 

As Qi = 0 Q 2 = 0 

As Q 0 = 0 Q, = 0 

Drau a logic diagram of 4 bit bi-dircctional shift register using D flip-flops. Explain its 
working. (Dec. 8 Mar , cs) 



Clear 


Fig. Q. 10.4 


■ 






1 


1 




Step I : The Fig. Q. 10.4 shows 4-bit bi-directional shift register. So the data is shifted in both 
directions. 
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Step II . SHIFT RIGHT OPERATION 

Control input M = 1. So AND gates P arc enabled Data is applied at D, NK . Data is shifted towards 
right (shown b\ dotted lines), when CLK pulses arc applied The output for shift right operation is taken at 


hi ^ * * ° r °P cra ri°n control input M is made zero So AND gates marked. Q are 

u ata is applied at D JNL . Data is shifted towards left when clock pulses arc applied Tlic output for 

shift left operation is taken at Q v 

5. Convert 4 bit serial input to parallel output using J-K flip-flops. (Dec. 96, 8 Marks) 

Ans. Circuit diagram for 4 bit serial input to parallel output is as shown in Fig. Q. 10.5. 

Parallel data outputs 



Fig. Q.10.5 

Step I : In Fig. Q. 10.5 clock of all flip-flops are tied together, therefore all flip-flops changes state 
at same time. 

Step II : Asynchronous input clear is given to all flip-flops. Hence when clear ( CLR ) = 0, all flip- 
flops reset. /. Output Q = 0000 

Step III : A and B are data inputs, either of the terminal can be used as control line. When A = 0, 
irrespective of B. input to flip-flop will be 0. At each clock edge, 0 travels from left to right after four 
clock pulses Q output = 0000. It means that if B = data in, data will get inhibited. 

Step IV : When A = 1, NAND gate is enabled and data input B passes through NAND gate ; 
inverted. The input data shifted serially in register. 

Step V : Output of all flip-flops are taken as final output. Output is Q,, not Q. Output appears at a 
time .*. it is parallel output. 

6. Give truth table and logic diagram of twisted ring counter. (Dec. 96, 6 Marks) 

Ans.: Refer Section 10.7. 

7. Draw a block diagram of a four bit bi-directional shift register. 
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A four hit input 1011 is applied to this shift register. What will he the four different states 
that occur as the parallel port outputs of this shift register? 

(i) When 'shift to light' is applied. (May 98, 3 Marks) 

(ii) When 'shift to left’ is applied. (May 98, 3 Marks) 

Ans. : f or block diagram and explanation of a four bit bi-dircctional shift register. 

Refer to section 10.10 IC7495. Fig. 10.20 (b). Universal shift register itself acts as a four bit bi- 
directional shift register 

0) W hen shift to right is applied, initially 101 1 is applied to inputs A. B. C. D of this shift register. 

So at next negative clock edge outputs will be. 

(a) QaQbQcQd =110 1 

<h> QaQbQcQd = 1110 

(c > QaQbQcQd = 1 1 1 1 

(ii) W hen shift to left is applied, initially inputs applied to A. B. C. D is 1 0 1 1 
At next negative clock edge, outputs will be, 

QaQbQcQd = 0111 
QaQbQcQd = 1 1 1 1 
(c) Qa Qb Qc Qd =1111 

8. Draw a pock diagram and explain how a shift register can be used as counter (any type). 

(May 98, 5 Marks) 

Ans.: Refer Section 10.6. 

9. Explain the working of an universal shift resigster using FF's. (Dec. 98, 6 Marks) 

Ans.: Refer Section 10.10. 

10. Explain how universal shift register can be used as a parallel to serial and serial to 

parallel converter. (Dec. 98, 10 Marks, June 99, 8 Marks) 

Ans. : Refer to Page 10-17 

1 1. Show that an n-bit binary counter connected to n to 2 n line decoder is equivalent to a ring 
counter with 2“ FF. Draw block diagram of both circuits for n = 3. 

Ans. Fig. Q. 10. 1 1(a) shows the block diagram of 3 bit binary counter connected to 3 : 8 decoder 

As n = 3 , 2 n = 8 

% 8 output lines w ill be there, for decoder. 

Truth table for Fig. Q.10.11 (a). 
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Counter 

States 

Output of 3:8 decoder ; 

Q 2 

°1 

Qo 

Y 7 

Y 6 

Y 5 

Y 4 

Y 3 

Y 2 

Yi 

Y 

T o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

,1 

0 

0 

1 

0 

0 

0 

0 

0 

0 


0 

0 

1 

0 

0 

0 

0 

0 

0 

y' 

f\ 

J 

0 

0 

1 

* 

1 

c 

0 

0 

0 


0 

0 

0 

1 

0 

0 

0 

0 

0 

y'' 

0 

0 

0 

0 

1 

0 

1 

0 

0 

y' 

0 

0 

0 

0 

0 

1 

1 

0 

0 

>•••■ 

0 

0 

0 

0 

0 

0 

1 

l 

1 

1 

w' 

0 

0 

0 

0 

0 

0 

0 


Table 1 

So here 1 is shifted diagonally and we get respective output of decoder. 



Fig. 10.11 (a) 

In Fig. Q. 10.1 1 (a), according to counter state, decoder output is selected and is made high. As it is 3 
bit counter, it selects output of decoder in sequence from (0 0 0) 2 to (1 1 1) 2 and back to (0 0 0) 2 . It 

appears that logic 1 is roling in a loop. Tliis output is same as output of &-bit ring counter. 

In ring counter, number of FFS and number of states are equal. Therefore we will design 8-bit ring 

counter using 8 flip-flops. 
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Fig.Q. 10.11(b) : Block diagram of 8 bit ring counter DLR 


1 2. Draw logic diagram of 3-bit bi-dircctional shift register using S-R F/F. (Dcc.99, 8 Marks) 
Ans. In three bit bi-directional shift register, we are using three flip-flops. The flip-flops used arc R- 
b flip-flops. An inverter is connected between R and S. This is because, if a data bit x is to be clocked 

i.ito the flip-flop, the compliment x must be present at the input. For instance, if x = 0, then R = 0 
aiid S - 1 and 1 will be clocked into the flip-flop when the clock transitions. 


The addition of two AND gates and inverter allow the left operation or right operation. It depends on 
control input M. If control input M is made high, AND gates P are enabled and data is shifted towards 
right. Whereas if M = 0, then AND gates Q are enabled and data is shifted towards left. 



13. Design a mod-6 twisted ring counter using JK FF, with ’power on start’ and draw the 
timing diagram for the same. (Dec. 99, 8 Marks) 


Scanned by CamScanner 



Digital 


10-32 


liagi 


Ans. . First draw circuit of mod-6 twisted ring counter using JK FF 
As it is a mod 6 twisted ring counter, so we will need three flip-flops 
In twisted ring counter, number of states are double of number of FFs 


.J Shift Reg ister 


CL 


C 

( 


roi 

0 . 

in 

it 



Fig. Q.10. 13 (a) : Diagram of mod-6 twisted ring counter 
Truth table for mod 6 twisted ring counter is as follows : 


CLOCK 

Qc 

Qb 

Qa 

State 

Initially 

0 

0 

0 

0 

1 

0 

0 

1 

1 

2 

0 

1 

1 

3 

3 

1 

1 

1 

4 

4 

1 

1 

0 

5 

5 

1 

0 

0 

6 

6 

0 

0 

0 

1 

7 

0 

0 

1 

1 


Table 2 


As it is a mod-6 counter, 0 to 5 are valid states. So after 6 th clock pulse counter comes back to initial 
state. 


■' 1 ’ — — | 

Note : For explanation of power on start circuit refer to Chapter 9, Section 9 3 4 j 
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Shift Register 


Timing diagram for mod-t*, twisted ring counter is as follows : 



Fig. Q. 10.13 (b) 

(i) From truth Table 1, vve can say that Q A is high till third clock pulse and at fourth clock edge it 
falls to zero. 

(ii) Similarly Q B and Q c becomes high at second and third clock edge respectively and becomes zero 
at fifth and sixth clock edge respectively. 

□ □□ 
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Syllabus : 

Examl d : a9ramS fl and ,a b* es : Transition table, excitation table and equations, 
cirri lit on--,i USin ~ I P~^°P S Simple Synchronous and asynchronous sequential 
■— -CU't analysis. Constmr.tio n of state diagram and counter design 


I Name of the Topic 

Section 

number 

Theory 

Problems l 

1 • Introduction 

11.1 

S 

- 1 

I • Sequential Circuit Structure 

11.2 

V 

- 

I • State Diagram : Moore Model 

11.3 

s 

✓ I 

1 • General Procedure for Analysing 

| Synchronous Flip-flop Circuits 

11.4 


v' I 

1 • State Reduction and Assignment 

11.5 

— 

y/ I 

I • Sequential Circuit Synthesis 

11.6 

— 

✓ 1 

1 • Design of counters. 

11.7 

— 

y 1 

K • Multi-input Synchronous Sequential 

I X^ircuit Design 

11.8 

— 

1 sA 



Comment 


• Very very very important chapter. 

• Considering today's trend i.e. VHDL(VLSI). 

This chapter is the base for that topic. 

• Concentrate more on Sec. 1 1 .5 to Sec. 1 1 .7. 

• Clear each and every concept related to moore model. 
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_ 11-1 Intro duction ; 

j 

VVc lu\c studied combinational logic. In that, output solely depends upon input present. In sequential 
ogic circuit, their output signals depends upon past as well as present input signals. Refer Fig 11.1. 



Fig. 11.1 : General model of sequential system 

From Fig. 1 1.1 we can conclude that sequential circuit has memory [ M, to M k ], and so can store 

information derived from past inputs. The two information constitutes the circuit internal state i.e. x input 
and memorised input. In sequential circuit we have stored sub groups i.e.. 



(1) Synchronous Sequential Circuit 

(2) Asynchronous Sequential Circuit. j 

In sy nchronous circuit we have clocked flip-flops as memories and use a periodic clock signal to 
synchronize the times at which all flip-flops change their individual states, and therefore the state of the 
entire circuit. In asy nchronous circuit, clock is not used. 

1 

11.2 Se quential Circuit Structure : 


The way we use gates and flip-flops in combinational logic design, the same way basic building 
blocks of sequential circuit is gates and flip-flops. One can connect gates and flip flops in many wavs to 
form a sequential circuit. Here flip-flop constitutes memory M and gates forming one or more 
combinational sub circuit C 1? Cj, , C q . Now let's refer different structure in sequential circuit. \ 

Fig. 1 1.2 shows sequential circuit, here memory M and combinational circuit C is used. Here wfc 

haven't used any feedback. Because of no feedback present, next state is independent of present state. The 
next state is a function of primary inputs X only and that is determined by input logic C x . Output Z is 

determined by output logic C 2 . Sequential circuit of this type are quite limited in their behaviour and can, 

in most cases, use gated latches instead of flip-flops. More general circuit is shown in Fig. 1 1.3. 
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/ 

Clock CLK 


State variables Y(X) 


Fig. U.2 : Synchronous sequential circuit, with no global feedback 

As shown in Fig. 1 1.3, we have two models in sequential circuits . 

( 1) Moore circuit (mode!) 

(2) Mealy circuit (model). 

In Fig. I 1.3 (a) feedback is from memory M. to input combinational logic circuit C,. Therefore, next 
state is function ol both. X and Y. In this output logic C 2 receives, inputs from M (memory) onl\ This 
model is called Moore', named after Edward F. Moore. Tlte most common example for Moore circuit is 
counters. In counters , output just depends upon present count. 



Fig. 11.3 (a) : Primary output independent of primary inputs (Moore Model) 

Fig 11.3 (b). shows most general case, here output as well as next state, is function of both. X and Y 
Tliis model is called Mealy model named after G.H Mealy. 
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Fig. 11.3 (b) : A general case (Mealy Model) 

Mealy circuit can be characterised by quinteuple. A 

M = (Z,Q,Z, 8.X) 

where. X = Finite non-empty set of input symbols x 1; x 2 , \ t 

Q = Finite non-empty set of states q l5 q 2 , q n 

Z = Finite non-empty set of output symbols z lt ^ z 

8 = Next state function, which maps 

Q x X > Q 

X = Output function which maps 
Q x Z >Z 

Saire way ; n Moore model, next state and output functions are expressed as, 

5 (q (n). x (n)) = q (n + 1) 

and X (q (n). x (n)) = z(n) 

where. x (n) = Present input 

q (n) = Present slate 
q(n+l) = Next state 
z (n) = Present output 

If we combine Cj and c 2 in Fig. 113 (b) and the connections between them into single combinational 
;ircu»t C. we get Huffman model as shown in Fig. 1 1.4. 
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Fig. 11.4 i Huffman model in sequential circuit 

a Main signal types in sequential circuit are defined as follows • 

X = 


x l* x 2> •• 

— ’ "Si 

> Primary Input Variables 

z l> z 2’ ••• 

•••> Zm 

> Primary Output Variables 

yi,y 2 > ••• 

->y P 

> Secondary' Input Variables 

4- 4- 


OR (internal) State Variable 

>'i> y 2 - •• 



» Next State Outputs 


Therefore. Mealy and Huffman models of sequential circuits are essentially the same. The structure 
Fig. 11.3 Cb) and Fig. 11.4 covers all the main synchronous sequential circuits. 

Digital system 


■ 

Combinational 

logic 


I 

Discrete 

L 


~T 
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1 


PL A 

j 


Level mode 

c. 


1 

Pulse mode 

j 


Memory not required 

Fig. 11.5 : Overview of digital system 


Memory' required 
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Note: Figs. 11.3 (a) and (b), Fig. 11.4 are synchronous sequential circuits To have asynchroncn 
simply remove clock sig nal. 

At this stale if you try to overview full digital system it will be as shown in Fig. 1 1.5. 

Important Point : 

Bclnn iour of any sequential circuit can be described by sequence of events which occur at discrete 
ins ants i.c. at tunc tj. t 2 , t 3 and so on. We arc aware with the fact that output of sequential circuit depends 

upon input x (t) and state of the circuit. It may happen that circuit might have infinite varieties of possible 
' stories. To memorize these histories we require memory of infinite si/e. It is impossible to design or 
realise circuit with infinite storage capabilities. Therefore in many cases or all the cases you will find, we 
use finite memory elements. Therefore we memorise finite post states of the circuit. Therefore normally 
circuits in Fig. 1 1.3 and 1 1.4 arc referred as finite-state sequential circuits. 

11.3 State Diag ram : Moore Model : < 


State diagrams which we had studied in Flip-flop chapter, were for Mealy model. Presentation of state 
diagram will be slightly different for Moore model. 



Fig. 1 1.6 : Moore Riedel state diagram (An example) 

As shown in Fig. 1 1 .6, stale transition arrow is labeled with only one variable, and that is, state of the 
input that causes transition. Output state is indicated within the circle, below the present state because in 
Moore model, output depends only upon present state and not on the input. 

One more important difference between Mealy and Moore model. In Moore model, the output does 
depends on the input, since the state depends on the input, but the effect on the output is delayed untill 
after the next clock. 

11.4 General Procedure for Analysing Synchronous Flip-flop Circuits : 

Under this section we are going to analyse, given sequential circuit. Analysis means we are interested 
to find state table, state diagram for a given sequential circuit. 

Hint : Remember operation of flip Hops and its characteristic equation. 

Fig. 11.7 specifics flowchart for analysing given sequential circuit. Let's take one example for 
analysis. 
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CLR CLK 
Fig. Ex. 11.1(b) 


Fig. Ex. 11.1(a) shows parallel adder i.e. combinational circuit. It performs 4 bit binary 
addition. Fig. Ex. 11.1(b) shows sequential version of the came. Perform 4 bit addition, using 
the same circuit. Draw timing waveforms also. 

Soln. : (1) The given circuit is nothing but serial adder. 

(2) It contains : ^ 

(a) 3. two input AND gate 

(b) 1. three input XOR gate 

(c) 1. three input OR gate 

(d) 1. D type flip flop 

(3) Flip-fK memorises 'Cam bit' C. 

(4) Cru it has two inputs x, and x 2 . i.e. operands x 1 and x 2 bits should be applied bit by bit. 
with L.SB first. 

Working : Add binary x, = ( 1()10) 2 and x 2 = (00 1()) 2 
Initially flip-flop is rescued, therefore v = 0 

After the start of cycle 1. the two LSB bits of input operands should be applied to adder 
x, =0. x 2 = 0. Presently y = 0. c = 0 

Resulting sum bit '0' appears at output z, and new cam bit '()' is applied to D FF input y* . 

Now apply 2 nd CLK edge. Presently x, = 1. x 2 = 1. New cam bit get loaded at positive edge of 
CLK. Therefore y = 0. 

Resulting sum bit 'O' will appear at output Z. and new cam bit T will appear at input to D FF. 
input y\ 

- Now when positive edge of 3 rd CLK appears y = 1, i.e. nothing but y \ 

Next two operand bits will appear at x, and x 2 . x, = 0. x 2 = 0 and y = 1 
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^ "*h I’.cl loaded in I) II’, when I 1 ' 1 ( I.K pulse appears. y 0 

Next two o pounds bits will appear nl s, and 

N 1 I • N; 0 .111(1 \ 0 

I IkmoIoic resulting Mini Ini T will appear at oulpnl / 

1 "i;ill\ enny Ini will appear at y 1 input oi l) I P ic ’O', 

As shown we pet sequential answer 

? * I ( 1 100), is final answer 

r | 

Sn MSB 


Clock cyclo 



Fig. Ex. 11.1 (c) : Serial adder working 
Precaul ions : For proper operation of the circuit : 

(1) Initial value of the stale variable v should be '()' before the first LSB bits of x, and x 2 arc applied. 

(2) Clear D FF. before each new n bit addition begins. 

Now let's prepare state table. 

The equations arc, / = x, © x 2 © y 

v ' = x,x 2 + x,y + x 2 y 

Now for each Xj x 2 and y, we have to calculate y and x. 

/ Lei's say X = x, x 2 = 1 1 and Y = y = « 

Z - Xj © x 2 © y 

= 10100=0 

y' = x, \ 2 + xj y + x 2 y 

= 1 • I + 1 • 0 + 1 • 0 = 1 

— immi ■■■ ■ 'l lir mTWIMMmgT11WtF^-M «i'iriri i rii l i' r- 
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State table 



Let s draw state diagram for the same. 

Nom let's draw slide diagram for the same. 
(1) Consider initial state y = 0 (q 0 ). 


Present Present 

input x 1 ,x 2 output z 



Carry = 0 00/1 Carry = 1 

state state 


Fig. 11.8 : State diagram for serial adder 

(2) When state is y = 0, If x, x 2 is 00/0. 01/1 or 10/1, circuit remains in state y = 0. 

Here 0 0 / 0 

0 1 /I 

10 / 1 


Present input Present output 


X 1 x 2 


(3) To switch over from y = 0, to y - 1, x,x 2 /z is 1 1/0. 

(4) Now circuit will be at state y = 1, till Xj\ 2 /z is 01/0, 10/0 or 11/1. 

(5) Circuit changes state from y = 1 to y = 0 when x^x/z is 00/1. 

The circuit is Mealy circuit. Waveforms given below will clear your idea for th e same. 
The waveforms are drawn for, Xj = 1001 and x 2 = 0101. 


1 I 

Fig 1 1 .9(a) represents timing cycles for the same 
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^°te : Refer Fig 119 ~ 


(1) In cycle 0. everything gets cleared 

(^) 10 CVCI 0 1 V 4 ~ y — * i Tk^ t + 

' 2 6re ° re y “ 1 and 2 = 0 Status of y* will not immediately appear at 

V It will appear at next positive CLK edge 

2. status of y appears at output y of D FF Now x 1 = x 2 = 0, and y = 1 Therefore y* = 
0 and 2 = 1 

(4) In cycle 3. status of y + = 0 , 
we get. y* = 0 and z = 1 

(5) Finally in cycle 4v + = 0v = nv-i a _ ~ + 

Y ' y 0. x^ - 1 and x 2 - 0, y =0 and 2 = 1 . 

J!211jescribes full working of circuit 


will appear at output y of D FF. Now Xj = 0 and x 2 = 1. with y = 0. 


Observation 

^ p 0 D FF changes onh when CLK arrives. It won't change, eventhough input y~ changes. 

<- 1 Output of combinational circuit i.e. z changes, as soon as either x, or x 2 or y changes In general. 

a pnmai> out P ut si s nal z k IS function of x-. so the change in immediately affects z k . 

To understand point 2 of observation, refer Fig. 1 1.9(b). 

g P s ^ 10x ' n * n T*§- 1 T9(b), a narrow 1 pulse in Xj. which is an externally generated 

g UC1 m thG ,mddlc of c - vclc Produces a corresponding glitch in form of 'O' pulse in z. Because at that 

i nstn nt. 

-X] 1. x 2 - 1. > Xj + x 2 + y = z = 1 + 1 + 0 = 0 with carry. 

• . W c get z = 0. Glitch remains there for very short span. Therefore this 1 pulse (glitch) does not 
affect y. because it has disappeared by tire time the flip flop is triggered at the sum of cycle 4. Therefore to 
produce a single well defined output value or state change in any CLK period, each data input should be 
:ivld v distant for most of the clock period. Therefore for proper operation of the circuit, all input signals x 

should be well defined 0 or 1 . pulses. Normally input should be maintained for full one clock period 
More detail regarding the same w ill be given to > 011 afterwards. 


Ex. 2 : For given sequential circuit, draw state diagram and state table. Refer Fig Ex 11 2(a) 



Fig. Ex. 11.2(a) : Sequential circuit 
Soln. : ( 1 ) First we w ill w ntc boolean expressions for the same. 

i _ „ . 1 ‘ : 2? t ' ' 
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- v 2 = y 3 

•f 

>3 ~ X © y j © y 3 = z 

(2) first \vc will write state transition table. 

In our problem. 

7 ' = Output 

y 1 y 2 y 3 * Provides previous state 

4 + -f 

>’l Y2 >’3 » Provides next state 

x = Input 

Wc can write. y,y 2 y 3 — J 1 , y » ; - 


A Wc get table 


Present str 

itc 

>3 


Next state (y| y* y 

1) 


Ou put (z) 


- v 2 

x = 0 

x= 1 

x = 0 I 

X = 1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

l 

0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

l 

0 

1 

0 

1 

I 

1 

1 

1 

1 

1 

0 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

0 

1 

0 

1 

1 

0 

0 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

0 

1 


(3) /Next step we follow is simply rearrange transition table to get state table. Only the important 
point here is we define labels to the state. 


State 


00 0 

-> 

So 

1 0 

0 

-> 

S 4 

0 0 1 

-> 

Si 

1 0 

1 

— > 

S 5 

0 1 0 

-> 

S 2 

1 1 

0 

— ^ 

S 6 

0 1 1 

-> 

S3 

1 1 

. 1 

-> 

s 7 


State table 


Present state 

Next state 

Output 

x = 0 

X = 1 

x = 0 

x = 1 

So 

So 

s, 

0 

1 

Si 

S 3 

s 2 

l 

0 

S 2 

S 3 

s 5 

0 

1 

Sy 

S 7 

s 6 

1 

0 

S., 

Si 

So 

l 

0 

S 5 

S 2 

S 3 

1 

l 

So 

S 5 

S 4 

1 

0 

S 7 

So 

s 7 

0 

0 
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Fig. Ex. 11.2(h) : State diagram 

Till this point if you have observed carefully, we have used OFF DFF is simple flip-flop 
because, whatever is input, that will be the output. But for TFF, JK, FF, SRFF. this is not the 
case We have to take into account input to the FF, and then we have to decide next state 
Let's start wi th simple TFF, 

Consider TFF circuit as shown in Fig. Ex. 11.3(a) Find out state table and diagram for the 
same. 



T, = x 
T 2 = xv, 

Tj = xy |V 2 
T 4 = xy,y 2 y 3 

( 2 ) Output states arc Y 4 , Y 3 , Y 2 and Y,. Input line is x. 
We will first write excitation table. 
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Pit'scnr Male .... ,, 

Ar i a 1 y 

o;s a 

r.d SyntH's 

Hip-flop 1 1 ) | 

MllN 

Next stale fY, 

’T\ 7 * 

' >|) 



i = I. 2, J 

l, -1 



It is module 16 counter. Secondly, if input x = 0, counter latches count and if x 
free running. 


counter is 




Fig. Ex. 11.3(b) : State diagram 


Ex. 4 : For given circuit as shown in Fig Ex 11 4(a) find out state diagram and state table 
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Soln. . Observing the circuit you will find that it is nothing but serial adder only. But the circuit uses SR 

instead oi D FF ns in Ex. 1. Now let's analyse the same. We should get same state table and state diagram, 
as in Ex. 1. 

Step 1 : Firstly we have to find excitation functions in terms of circuit inputs and flip-flop outputs 

from given circuit diagram. 

S = .\jx 2 R = x,x 2 


Step 2 : Now- let's obtain binary transition table, from excitation table. Binary' transition table consists 

of Y and Z. Where Y = S + Ry and Z = XjX 2 y + x t x 2 y + XjX 2 v + Xj x 2 y 
Now we will combine all the states, as well as output and draw final state table. 


Present 

.state 

O') 

Flip-flop inputs (S/R) 

S = x, x 2 ; R = x, x 2 

Next state 

Y = S + R Y 

z = 

+ : 

Output z 

x, x 2 y+x l x 

v l x 2> + X 1 x 2 

2 y 

, y 


Xj x 2 

X 1 *2 

x, x 2 

x, x 2 

*1*2 

Xj x 2 

X 1 *2 

Xi x 2 

XtX 2 

x,x 2 

x i x 2 

x, x 2 


0 0 

0 1 

1 1 

1 0 

0 0 

0 1 

1 1 

1 0 

0 0 

0 1 

1 1 

1 0 

0 

0/1 

0/0 

1/0 

0/0 

0 

0 

1 

0 

0 

l 

0 

1 

i 

0/1 

0/0 

1/0 

0/0 

0 

1 

1 

1 

1 

0 

l 

! O 


To check how we gol output Y and Z, we will take one example, 
x , = J : x 2 - 1 and y = 0 

Y = S + R y 


= Xj x 2 + X| x 2 y = 1+0*0= 1 
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1 • 1 • 0 + I • 1 . 0 + | . | . 0 | • 1 • 0 



Fig. E\. 11.4(b) 

- °* e •' In next example drawing pattern of state table is slightly changed, shown as 2D array j 

Ex. 5 : Consider JK FF circuit shown in Fig. Ex. 11.5(a). Find out state table and state diagram for 
the same. 



Fig. Ex. 11.5(a) : Sequential circuit containing JK FF 

Soln. : (1) We will write expressions, 
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Z = x + y 2 

J, = x + y, + v 2 

K, = x + y 2 

h - 1 

K 2 = x + y 2 

(2) Characteristic equation for JK is. 

Q (n + 1) = J (n) Q (n) + K (n) Q (n) 

y\ = ^Qj+K^Q, = (x + yj +y 2 ) >'i + ( x + y 2 )>t 
Simplify, y| = Vj+xy 2 

y 2 = J 2 Q 2 + K 2 Q 2 = l.y 2 + ( x + y 2 )y 2 


= y 2 + ( x + y 2 ) y 2 


Simplifying 



Transition table will be as shown : 




Next 

state 


(3) Let's say, 

00 -» A 

0 1 — ^ B 

1 o c 

1 1 D 



r 
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0/1 

1/1 


Fig. Ex. 11.5(b) 


For given sequential circuit draw state table and state diagram. Refer Fig Ex. 11 6(a). 



Fig. Ex. 11.6(a) 

Soln. : (1) First step is to write equations : 

J, = x ; K, = x 
J 0 = z = (x+y,)y 0 


^0 x + y i >o 

From cliaractcristic equation of JK we can write down. 

>1 = -*1 Qi + K iQi 

= x y, + x y, = xy, + x>'j 
= x 

>'o = )oQo + K 0 Q 0 

= ( x + )'i)y 0 -Vo + Cx + y,^. >0 
= ( x+ yi)y 0 
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Present J 
state j 


(3) Define states 
0 0 — 

0 1 — 

1 0 — 

1 I — 

We get state table 


<lo 

ci2 

<b 


Present 
state 


(4) State diagram 


^ — \ * 

-Vo 

PrMcnt input x 

0 1 

0 0 

00,0 ] 1,1 

0 1 

0 0.0 10,0 

1 1 

00.0 10,0 

1 0 

0 1,1 I 1 . 1 


rrt 


Vl y 0 z 


>1 >0 


0 0 

0 1 
1 1 
1 0 


Present input x 

0 


q 0 .0 
q 0 .0 

q 0 >° 

qj , i 


q 3 . 1 

q 2 > o 
q 2 . 0 

Q3 - 1 


x/z 
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Fig. Ex. 11.6(b) 


1 1.5 State Reduction and Assignment : 


Whenever we design any circuit, in initial stage we say it as Raw design. Once the Raw design fulfills 
our requirements, we concentrate on reducing the same design Reducing doesn’t mean compromising for 
performance. Reducing means reduction in hardware By reducing hardware one can reduce cost of the 
equipment and increase reliability' of the design. Reliability increases with less components because failure 
rate decreases. 
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have to use nr j' S * Cm ^ CS '^ n " c uou ^ n * so like to reduce the hardware. But for reducing tlic same we 
table iust hn<'n. C UrC ° r n *^ on, * im - this process is called State table reduction The name involve state 
An 1 " C <lrt ^ 0U1 ^ 10 ,a ^ e ' 1C *P °l" s *‘ ,,c table and reduce the number of states. 

Two ^ 111 ^ 0P Sln,C rc< ^ uct ' 0n °l" completely specified state table is given as follows : 

sante output ,/ ' ^ ^ uiva ient if, for each member of the set of inputs, they give exactly the 
equivalent , t,rcM,/ either to same state or to an equivalent state. If two states are 

T ' 1 Cm can be removed without altering the input-output relationships, 

o understand the concept more clearly let’s take one example. 

given state diagram, prepare state table and reduce the same using "State table 
reduction" technique. Refer Fig Ex. 11.7(a). 


0/0 



Fig. Ex. 11.7(a) : State diagram 

Soln. : (I) The first step we will follow is prepare state table. The state table is as follows . 


Present state 

Next state 

Output | 

x = 0 

x = 1 1 

x — 0 

X = 1 

a 

a 

b 

0 

0 

b 

c 

d 

0 

0 

c 

a 

d 

0 

0 

d 

e 

f 

0 

1 

e 

a 

f 

0 

1 

f 

g 

f 

0 

1 

g 

a 

f 

0 

1 


Now observe the state table carefully. Can you see equivalent state(s) ? Yes, slates g and c 
are equivalent states; they both go to states a and f, and have outputs of 0 and l, for x = 0 
and x = 1. 

Change in the state table is discard state g. And replace state g by e. therefore we have new 
table as, 



Scanned by CamScanner 



’I IT 






*g’ stnte replaced by 'c' 

Now again observe this new table carefully. Can you find any ''equivalent state Yes. d 
and f both arc same. Therefore now discard state f. and replace state f in state diagram by 



Now prepare state diagram for reduced state table. 



1/1 


Fig. Ex. 11.7(b) : State diagram for reduced state table 

Cross Verification : 

This is just cross verifying that whatever reduction we have done is correct. This can be checked by 
applying an input sequence x to the circuit. Check output produced by original state table and reduced state 
table. Let's say we apply x = 010101110. 

(1) States and output produced by original state table w hen x is applied. Prepare table for the same. 



Initially state is a, output - 0 


*•*-; . ,*1 «« u ‘“r;:.,,e <* sw " 
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Input x 

n 

i 

0 

mV 3<1U 

1 

iv: . 

0 

| 

1 

1 

o 


State 


—►a 

b 

c 

d 

e 

d 

d 

d 

£ 

Output 


0 

vt 

0 

0 

0 

i 

i 

t 

i 

0 1, 


Input applied is x = 0 therefore next state is a. 

perfect Her ^ ° Ut ^ UtS * n ^ lc cascs - we found that both are matching. Therefore reduction method is 
air Ira CrC ' ° U ma ' 3S ^ a ^ out ou tP u t states, because that are not matching. Answer for this doubt is. we 
concerned w ith the states circuit goes through. We are interested in final output. 

State Assignment : 

State assignment procedures are concerned with methods for assigning binary values to states in such a 
a\ as to reduce the cost of the combinational circuit. Actually one can assign any binary' value to state, 
ecause as I told you. we are concerned with output only, no way to states. 

Regarding minimum hardware cost, one has to go for trial and error method to see that in which tvpc 
we require less hardware. 


11.6 Sequential Circuit Synthesis : 

In this section we are going to study design procedure for sequential circuit. We are going to learn 
systematic technique for sequential circuit implementation. Steps in this section we follow is : 

- Construct state table 

- Construct state diagram 

- Assign binary value to states 

- Depending upon requirement of designer, use SR, T, JK FF, and draw logic diagram. 

- Minimisation technique used where it was required. 

11 . 6.1 Design Process : 

Our target is to design a sequential circuit and to derive structure that has specified behaviour. One has 
to see to it that circuit designed should meet behavioural specification or in short it should ensure 
functional correctness. 

The main steps required to design sequential circuit is explained step by step in following section. 
One can reduce (hopefully) or shorten the steps with his/her experience. Now let’s start with the design 

steps. 

1 State Behaviour Specification : In tliis one has to specify state diagrams or state table or timing 
diagram or other pertinent information. Only requirement is, one should describe precisely the 
input/output behaviour required for target circuit. Basically this point specifies internal states 

needed and the transition that can occur between the states. 

2 State Reduction : If state diagram is given, prepare state table or directly state table will be given 
After that the next step is to reduce number of states using state reduction algorithm/technique. 
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iiKlcpcndcnt'of thc'munbw^ol^staics C * rCU ' 1 Ca " bc chnrnctcr,scd b >' in P u, -° ut P ut relationships 

states Kumb "!■, ^ [CT " C b ‘ nc com P' clc state table, we have to assign binary value to the 
state table L t'° s, ‘ 1lc ' nriablcs (bits) required w ill be dependent of number of states m 

given by, 13 > logo 's nu,nbcr s,a,cs ' n s,:i,c (able arc S Then number of binary bits B can bc 
•/. - ' ’ 2 




5. 


6 . 


7 . 


<V. 


' Tah, ‘ • This (able specifics 

1 rc . q " ,rcd sl ' llc behaviour in binarv form 
,s constructed from state 
assignment and state table or diagram 
Determination of FF : Determine 

,,,,niber of Hip-Hops needed and assign 
some letter symbol to each. 

Choose Type a f FF : In this we arc 
suppose to choose FF front varieties 
available i.c. SR. D. JK. T. etc. 

C tremt Excitation : From stale table 
erivc circuit excitation and output table. 
Input/Output Functions : Using map 
or any other simplified method derive 
circuit output functions. We also have to 
define the input function that must bc 
applied to flip-flops to produce the 
required next-state values on their 
outputs. 

Logic Diagram : Now finally draw logic 
diagram. 

This general procedure for synthesizing 
synchronous flip-flops circuit, is 
represented in flowchart manner as 
follows : 

Let's solve some problems for the same. 


9 . 



Fig. 11.10 : General synthesis procedure 


Ex. 8 : Design sequential circuit for given state diagram using JKFF. Refer Fig. Ex. 11 8(a) 



cum' ~ /irritation tlWlti ioi 5‘’ 
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Step 2 : 


Trallot,-^ “"f’ ° f "" h value already gtven 

input variable and no output vlnables.^ ° “ T * “ niCanS that thcrc ,s onc 

State of flip-flop may be treated as an output. 

Number of flip-flops required. 

Number of states in state table are '4* 

B = 4 

B = log 2 (4) = log 2 (2) 2 = 2 log 2 2 = 2 

As two binary bits are required, we require two flip-flops. 

At this stage block diagram will look like as shown in Ftg. Ex. 1 1.8(b) 

i — - I i . 


Q 


K A J 

I T — T 


KA 


5 


Q 


K A J 

Tt* 1 ' 


JA 


A' 

A 

B‘ 

B 


KB 


-°CLK 


JB 


Combinational 

circuit 


T External 
inputs 


Fig. Ex. 11.8(b) 


External 
-♦ outputs 
(none) 


Step 3 : Recall excitation table of JKFF. 

Step 4 : Now we are going to write excitation table for given state diagram Basically this table wil 
contain : 
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1 1 ] Inpu,s of combinational circ 

(a) Present state 

(b) Input \ 

(2) Next state 
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<3) of combinational ci 


on. 


ircuit i e referring to Fig Ex. 1 1 8(b). JA. KA. JB. KB and so 


-Zfe Lgamc is sho wn as follows 


inputs of Combinational 
Circuit 

state Input 
A B 


Output of Combinational Circuit 


Next state 


A B 


JA 


KA 


Flip-flop Inputs 
JB 


KB 


Now we will fill up I and J column, referring to state table, therefore we get. 


Inputs of Combinational 
Circuit 

Next state 

A B 

Outputs of Combinational 

Circuit 

Present state 

Input 

Flip-flo 

p Inputs 

A 

B 

X 

JA 

KA 

JB 

KB 

1 

~~o ' 

r© 

0 

1 

X 1 

__i 



0 

® l® 

l 

oJD 



*,1 

x i i 

0 

1 — — — 

1 

0 

1 

0 





0 

1 

l 

0 

1 





i i 

0 

0 

1 

0 





i 

0 

1 

1 

1 





i 

1 

0 

1 

1 





i 

1 

1 

0 

0 






Table 1 


You will find entries shown by dotted box. Now let’s see how we got it. To get this you have to ask 
one question to yourself i.e.. 


— « * - 


r*’ — 7 a rnr 1 
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J Previous state is . — Analysis and Synthesis 

Kft, ~* b "■ «*»»u v J uud A 

"" ”*"/ 'iv// Ac ./-A' //,,, „„ , '' ’ 1 VVc ask V prnhmt Mule is required next Me is •»', 

answer is j = o .. 

Shoxvn ,n doited box. In j ab | c | } ‘ " MlC thc samc m that rou and in column of Flip-flop output 

If prevL CXamp,C ‘ Rcfcr ,ransi,l0n hnc 'p' in Table 1. 

~ state iv 7r . 

nblc 1 under JB and KB rcqmrC( next state is 7\ then J = / and K = X Fill value of J-K ir 
ST- Slan ,llC f ”» «*> bv step for 'A' and *• variable 

- U| aii\ \ on g C | 


•nputs of Combinational 
circu it 

A ! 


Outputs of Combinational circuit 


Next state 



Table 2 


Step V : Now draw K-Map for the same 

\ D„ 


11 10 


o 

o 

0 

1 

O 

CO 

m 

ill 2 

X 

X 

5 

X 

7 

iH 

6 


Flip-flop inputs 
B 


0 

x 

0 

X 

0 

X 

1 

X 

i 

X 

X 

l 

0 

X 

X 

0 

X 

0 

0 

X 

X 

0 

1 

X 

X 

0 

X 

1 

0 

X 

1 

X 

1 


JA = Bx 


00 01 11 


0 X 


1 0 


KA = Bx 



o 0 


X 

1 3 


51 

JA = x 


00 01 


0 X 


Fig. Ex. 11.8(c) 



KB = Ax + Ax 
= A © x 
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Fig. Ex. 11.8(d) 


Ex. 9 : Design serial adder. Use JK FF. 

Soln. : 

Step 1 : Wc bas e already with us state table for serial adder. 

Let us redraw to recall the same. 

For state diagram refer 


Present f 
state ^ 

where q 0 = 0 and q j = 1 

Single binary bit required therefore we require only one flip-flop. 


Fig. 11,8, 


x l x 2 


Present input XjXj 

V 

00 

01 

11 10 

0 

o 

o 

q 0 - 1 

Qi- 0 qo- 1 

1 

q 0 - 1 

qi,0 

q,. 1 q T .0 


Step 2 : Now let us redraw state table, as we have done in previous example, (hint Table 3) (Refer 
Table 1 i.e. JK FF transition table). 


Inputs of Combinational Circuit 


Outputs of Combinational Circuit | 

Present state 

Input 

Next state 

Flip-flop inputs | 

y y 

1 x i 

*2 

y + 

J 

K. 1 

0 

1 0 

0 

0 

0 

X 

0 

0 

1 

0 

0 

X 

0 

1 

0 

0 

0 

X 

0 

1 

1 

1 

1 

X 

I 

0 

0 

0 

X 

l 

1 

0 

1 

1 

X 

0 

I 

1 

0 

1 

X 

o 

1 

1 

1 

1 

X 

0 1 


Step 3 : Now draw K-Map for J and K. 
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Xp 

* 00 


01 

1 1 

10 

f*i 


X 

X 

1 

X 



1 

3 

2 

1 1 

, 

4 

1 

0 

5 

0 

7 

0 1 

6 1 


Fig. Ex. 11.9(a) 

Name wav we can also draw K map for 7 output. See Fig Ex 1 1 9(b) 
step 4 : Logic diagram. Refer Fig. Ex 1 1 9(c) 


K = x 1 x 2 



Fig. Ex. 11.9(b) 


Fig. Ex. 11.9(c) 


Ex. 10 : Draw the state diagram for the given state table. Reduce the state table if possible and 
obtain the universal circuit implementation. 


PS 

NS / Output 

x = 0. 

X = 1 

a 

f, 0 

b, 0 

b 

d, 0 1 

c, 0 

c 

f. 0 

e, 0 

d 

g. 1 

a, 0 

e 

d, 0 

c, 0 

f 

f, 1 

b, 1 

g 

g. 0 

h, 1 

h 

g. 1 

a, 0 


PS - Present state 
NS - Next state 


d = 100 
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Soln. : 

' 1 ' Dnm state diagram for the same 




r> 

Now observ e state ta ble, for getting equivale 

PS 


NS / Output 


x = 0, 


x = 1 


f. 

0 

b. 

d. 

0 

c 

f. 

0 

e 

a 

l 

a 


Secondly, e = b. therefore replace 'e' by V. 
Therefore we have. 



NS / Output 


X = 

o. 

X = 1 


f. 

0 

b. 0 


d. 

0 

c. 0 


f. 

0 

b. 0 


o 

1 

a. 0 


f. 

1 

b. 1 


2. 

0 

d. 1 


Now a and c arc m atciting therefore repk 

PS 


NS / Output 


x = 0, 

\ = 1 

f. 0 | 

b. 0 

d. 0 

a. 0 

g- 1 

a. 0 

f. 1 

b. 1 

e. 0 

d. 1 
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states Number of states arc a. b. d. f. and g. i c 5 
B > | 0 g 2 5 

B > log 2 5 


B > 3 

• • Number of bits required will be 3. 
Let us say. 


a = 000 - (0) 10 
b = 001 -(1) 10 
d = Oil -(3) 10 
f = 010 - (2) 10 

g = 1 10 - C6) 10 

a Unused states arc 4, 5 and 7. 

State table will be. 


- PS 

NS / Output 

x = 0 

X = 1 

000 

010, 0 

001. 0 

001 

Oil, 0 

000, 0 

on 

110, 1 

000, 0 

010 

010, 1 

001, 1 

110 

110, 0 

Oil, 1 


Now draw excitation table for above state assigned state table. 
We will use D FF for simplified hardware. 


Inputs of Combinational Circuit 



"k 

Output of 

Combinational Oirrnit 

O/P 


Present st 

ate 

Input 


Next stat< 

Flip 

i-flon inputs 

A 

1 B 

C 

X 

A 

B 

c 

D a 

d r 

D c 

Y 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 


0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

I 

0 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

0 

l 

0 

1 

0 

1 

0 

0 

1 

() 

0 

l 

1 

1 

1 

0 

0 

1 

1 

0 

1 

l 

0 

0 

1 

1 

0 

1 

0 

1 

1 

0 

l 

1 

1 
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Fig. Ex. 11.10(c) 


Ex. 11 : For state diagram given in Ex. 7, 'design circuit using RSFF. 

Soln. : (1) Refer Fig. Ex. 1 1.7(a). It shows given state diagram in Ex. 7. 

(2) After implementing reduction technique we have state diagram shown in Fig. Ex. 1 1.7(b) 
The state table for the same is shown as follows : 


Present state 

Next state 

Output 

r* 

o 

II 

X 

x = 1 

x = 0 

x = 1 

a 

a 

b 

0 

0 

b 

c 

d 

0 

0 

c 

a 

d 

0 

0 

d 

e 

d 

0 

l 

e 

a 

d 

0 

1 


(3) Now assign binary value to states. 

B > log 2 5 

> log 2 5 > 3 
B > 3 

.*. Tliree bits will be required say ABC. 

'a = 001 
b = 010 
c = Oil 
d = 100 
e = 101 


~ r* — * ' * TV* HT* 

• 1 \X\ ' * - * \ . • * : • ; . . V 
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Non refer excitation table o! RSFF and we gel excitation table for stale table as follows : 


Present state 


A 


0 

0 

0 

0 

0 

0 

1 

1 

J 

1 


B 


c 


0 

0 

1 

1 

1 

1 

0 

0 

0 

0 


Input 


0 

0 

1 

1 

0 

0 

1 


0 

l 

0 

1 

0 

1 

0 

1 

0 

1 


0 

0 

0 

1 

0 

1 

I 

1 

0 

1 


ext State 


B 


1 

0 

0 

0 

0 

0 

0 

0 


1 

0 

1 

0 

1 

0 

1 

0 

1 

0 


(4) K nap * 


Flip-Hop inputs 


SA RA SB 


0 

0 

0 

1 

0 

J 

X 

X 

0 

X 


\ 

AB 

00 

01 


Cx 

00 


01 


rrr 


x 


0 


f" 


A- 


10 


X 


12 


X 


X 




0 


II 


13 


X 


w 


15 


x 


ii 


SA = Bx 


Cx 

00 


01 


11 


riTT • 
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00 
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0 

/\ 


0 

1 

3 

2 

01 

X 

0 

0 

0 


4 

5 

7 

6 

11 

X 

x 

X 

x 


12 

13 

15 

M 

10 j 

0 

0 

0 

0 

! 

8 

9 

11 

10 



SB = aEx 


*’ 

\ 

■Si’ ' 

-V.. 

' A ' 


t ‘ -Y \ 

”■ \ Y 
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X 

X 

0 

X 

0 

0 

0 

1 

0 


AB 

00 


01 


11 


10 


0 

1 

X 

0 

0 

0 

c 

0 

0 

0 


RP 


X 

0 

0 

1 

1 

1 

X 

X 

X 

X 


sc 


X 

0 

1 

0 

X 

0 

1 

0 

X 

0 


RC 


0 

1 

0 

X 

0 

1 

0 

X 

0 


Output 

V 


0 

0 

0 

0 

0 

0 

0 

1 

0 

1 



Cx 


X 

0 

X 

1 

0 

3 

X 

2 

0 

4 
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^ ' ,v ^ enever three consecutive 1’s are observed Otherwise output wi-l be 'O' 

( 1) Let' ^ C< ^ ,rCU '* s * 10u ^ «nsc 3 consecutive I's only and provide high output 

from ' ,n *Onl condition/RESET condition is slate q 0 If first, logic 1 is present state will change 
li ^ 0T second logical I. it will change from state q : to q 2 v >m\ for third logical I it 

mn in q> onl\ output will be high The same is shown in Fig 1112 (a) 

RESET 


1/1 



Fig. Ex. 11.12(a) 


Fig. Ex. 1 1.12(b) 

, n 0 ?' i0US ( l ucs *’ on you may ask what if in any state you get input as 'O’, not a logical 1 The 

•si in any state you get logical ’()'. switch over to q () state The same is depicted in 
fig. Ex. 1 1.12(b). 

(2) Let us draw state table. 


Present 
state 


(3) Number of states are three, i.e. q 0 . q j and q^ 


X 



Present input x 

q 

0 

i 

Qo 

q 0 < 0 

qi -0 

qi 

q 0 - 0 

q 2 -0 

q 2 

q 0 - 0 

q 2 - 1 


S = 3 
B > log 2 S 
> log 2 3 


> 2 

We require 2 binaty bits. 

(4) Now assign binary value to state. 
q 0 = 00 
q, =01 

q 2 = 11 


| Output states y,y 2 


Transition table will be 


Present 

state 


X 

— 

Present input x 

*I(AB) 

0 

1 

(X) 

00. 0 

01. 0 

01 

00. 0 

11, 0 

11 

00. o 

11. 1 


(5) Now let us draw state table in different manner. 
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(2) L«Ric diagram : 
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Ex. 13 : 


Soln. : 


Design a sequential circuit using Mealy machine to detect an overlapping sequence as 
follows 

. 1010 .. 


( 0 Ox crlapping sequence means suppose we have 
10 10 10 



-> over lapped 
cue sequence 


10 of previous a..c! 10 


nbmely gi\ !0i0 '.s new sequence 


(2) Let’s say \vc have initially state q 0 at RESET. If we get T. new state will be q After that if we get 
’O’, new state will be q 2 . Now if we get T, we have new state q 3 . therefore till this point we have 
received 101. Now if we get ’O’ we will sw itch over to state q 2 , because we want overlapping sequence 
output also. The same is depicted in Fig. Ex. 11.13(a). 



/. After q 3 if we get 01. It will toggle between q 3 and q 2 only. 

Now let's think about case other tlum that shown in Fig. 11.13 (a). Cases arc as follows 

(1) Present state q 0 . If we receive '0' input, we Lake next state as q 0 only , because we don't want 

to proceed till we get logical T. 

(2) Present state is q j , and we receive logical 1 input We can think of next state as q j only. 

because from this point if w e continue still w e can trace sequence 1010. 

(3) Present state is q 2 , and we receive logical 'O', then next state is q 0 . This is but obvious 

because till q 2 . we received input as T and 'O', now start from scratch 

(4) Present state q 3 . and we get logical 1 
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These .til ti- - ' . U l " U ’ ,l "" k ° f :,s (| 1 caus '- " c start from again first T or |ojf* 

( ' ’ • 1*> totality v ehavcA^J °'J c ' dcrcd and r "™* stale diagram is shown ir Fig Ex. 1 1 1 3(b) 

... ° 4 s,a,e NVc ' bus to represent (Ik state 

ir. - t U \ 


s >«atc tabic will be 


Mo -■ <X) 

q, = ()| 

q 2 = 10 

Hi = II 
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Ex. 14 : Desian tnn . , Analysis and Synthesis 

Soln • , n n u °h 1.1 circuit for detecting and overlapping sequence 1101 Use JK flip-flop 
* (,) Dr ‘‘" Mate diagram 





Fij>. 11.14(a) 


(2) State tabic for the 


same. 


Present 

state 


\ * 
AB\ 

Present 

n 

input \ 

1 

<10 

<lo- 0 

q,.0 

q i 

q 0 . 0 

q 2 . 0 

<1 2 

q v 0 

q,.0 

q 3 

q 0 .() 

q,.0 


Total states arc four therefore number of bits required will be two. Therefore Flip-flop used will 
be 2. 

Assign binary value to state. 

qo = 0 °* q i = 01, q 2 = 10, q 3 = 11 
State table will be 

N \. x Present input x I 


Present 

state 



00 

00 . 0 

01.0 

01 

00.0 

10,0 

10 

11,0 

01.0 

11 

00.0 

01,1 


(4) Remember transition table for JK FF and redraw the table we have. 


Inputs of 

Combinational Logic 



Present state 


Inp ut 

x 


Next state 


Output of 

Combinational Circuit 


Flip-flop inp uts 


Output 

v 
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circuit to generate the output waveform as shown in Fig Ex 11 15(a) 

Output _n n_ 

Fig. E\. 1 1.15(a) 


Analysis and S ynthesis 


Soin. : 


>'S 


l 0 

% 


l 1 

qi 


^2 ^3 


l 4 




*6 

^2 


->Time internal 


q 3 


Fig. Ex. 11.15(b) 


(1) First job we have to do is with respect to input, find out w hat will be an output. For that one has 
to record the instant where input change. When input changes at that instant what was output, the same 
should be taken into account. Fig. Ex. 1 1.15(b) shows graphical presentation of the same. 

The output sequence is 01000100 with input sequence 0101010101 ... . It we observe the output 
sequence we get 0100 01 00 

/. sequence actually is '0100'. 

(2) Now we will draw state diagram. Let us say initial 
state is q 0 . Refer Fig. Ex. 1 1.15(b) i.e. waveform. If input = 0, 
output = 0 and state is q 0 . But if input = 1, output changes to 
1 and state changes to q , . 

1/1 

Qo >c h . . _ , 

Now when circuit is in qj state and input 1 we get 

output = 1 and state is q, only. But if input = 0 output is also 

'O' and state changes to q 2 . This way you proceed lor q 2 to q 3 

and q 3 to q 0 , therefore, finally we get state diagram as shown 

in Fig. Ex. 1 1.15(c). 

(3) Let us draw' state table. 



Present 

state 


(4) Total number of states aie four i.e. q 0 to q 3 . 


X 

AB 

Present Input x I 

0 1 

Qo 

o 

O 

q t . 1 

<h 

q 2 >° 

c li-° 1 


q 2 >° 

q 3 .° 


Qo' 1 

q 3 > 0 

. 4 l L ^ /V AC 


, 7 WW>r : :'<. 

- ; ' / : 
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I here fore now assign hi nan \aluc lo the stale 

q 0 <*>’ 

q, 01 

q 2 10 

q.t = ii 

. ' 1 final j \ drau slate diagram in different method and write binary values 

npiiiv n( Combinational Output from Combinational C ircuif Output 

( i reuit v 

Present State Imml Si/..# nu n„„ 


Input 

\ 


Next state 


Flip-flop Inputs 


0 

IT 

0 

i 

1 

1 

0 

i 

1 

0 

t 

0 

0 

I 

1 

I 

0 

1 

an : 

00 

01 

0 

0 

0 

1 

X 

X 

4 

5 



x L o_ 





© 

1 

0 

3 

0 

2 

0 

5 

0 

7 

© 

6 



y=A5 x+ABx 
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(7) Logic diagram : 
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A 
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“V 

k b 


B 


Q 


ft 




B x 
SBx 


D 1 

■D1 


5>- 


Fig. Ex. 11.15(c) 


Ex. 16 : Fig. Ex. 11.16(a) layout of traffic light controller. 

Our target is to design a digital system, which will control traffic light This traffic controller 
(TC) is placed at intersection of two streets. Thre main job is to switch the lights ON and OFF 
in a sequence that responds to the flow of vehicles and pedestrians. We take single example 
where NS street intersects EW street. Function of TC is defined as follows 

(1) Whenever pedestrian want to cross the road he/she press Walk button 

(2) When no pedestrian is present, lights allow NS traffic to flow for one minute. Means NS- 
green and EX-Red. 

(3) After that TC light changes automatically to allow EW traffic. to flow for one minute 
EW-green, NS-Red. 

(4) Thus green light alternate between NS and EW direction, at one minute interval 

(5) If 'walk' button is pressed, all the lights turned to Red, allowing pedestrian to walk for one 


minute. 

No yellow light is considered. 






Z 2 

Control. 


Pedestrian 



n 

7 . 

unit TC 


button F] 

-J, 

V 

! 1 V 

& 


-4 X 


^ 4 

Traffic light [T 

-l-l 

i :=a 


ft— 

T^l I EW street 

a 

NS street 

l 



Qf 

1 

1 


1 



I 


Fig. Ex. 11.16(a) 
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S ° ,n ' ; n > Firstly we will analyse the proble 
ease. 


Ilj46 Analysis and Synthesis 

m and d possible give some binary value to any particular 


(•b Let us repicsciit pedestrian button by single variable x. 
x “ * Pedestrian has pressed 

x = () ~ No pedestrians 'A 

fb) Circuit will have two outputs. 

z i = Make light green in NS OR Red in EW. 

/y 2 " Make light Red in NS OR green in EW. 

. . All red colour situation means /.\ ~ = 0. 

lo) Lastly the important point is /Inm. We want to keep lights ON/OFF for I minute. The 
solution is. use clock whose period is of I minute. 

(2) State Assignment : Now we have to think of stales in this problem. 

Just bv going through the problem, you can say that, we have following number of states 

(1) (Jo — > Green in NS and red in EW. 

(2) (j | -» Green in F.W and red in NS 
0 ) q 2 - • Red in both. i.c. F.W and NS 

1 hose ihrcc slates determine ihe output signals /., and x 2 . State diagram is shown in 
Fig. Ex l i lo(b). 

x = 0 

EW green 
NS ted 


Fig. Ex. 11.16(F) 



The drawn stale diagram is functionally correct. Only important point is . 

(1) Wlicnq 2 state is present and x = 0 (i.c. no pedestrian) then next state we prefer is q () . 
This becomes bit unfair for vehicular traffic from EW. Both the direction should have 
equal opportunity for 'Red' as well as 'Green' light. 

(2) Secondly, if number of pedestrians arc more and each presses 'walk' button for long 
amount of time only pedestrian gets chance, vehicles will be standstill. To avoid these 
problem we draw next stale diagram, which is as follows : 

As shown in Fig. Ex. 11.16(c) if state is q 0 and x = 1, the next state will be q,, i.c. 
lights will be red. After that if x = 0 or 1, after 1 minute it will switch over to state q t . 

Therefore Ex. 16 of point (1) is solved, i.c. after q () switch to q ; . 

Sameway if present state is qj. and x = 1, next .state will be q 3 . After q 3 , x = 0 or 1, 
after exactly one minute it will switch over to state q 0 . 


w n m * • T»MT' *r *r n ' n? t ^ hj ■ '! • * 
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(3) Next job is io prepa re state tab le. 


■Present 

state 



IJdiC aicitw uu 

>: 

present input x 

Present 


AB 

0 

1 

Output '/.jZj 

r 

<lo 

4l 


01 


Qi 

Qo 

03 

10 


02 

q i 

0i 

00 

- 

o 3 i 

Qo 

Oo 

00 


Simply assign binary value to states. Total number ol states arc four, therefore wc require 
two bits. 

q 0 = 00. q, =01. q 2 = 10. q 3 =H 


(4) 


Present 

state 


1 


u » mi L/ 1 1 ten > 

X 

> U1UW uu* 

Present Input x 

Present output j 

AB 

0 

1 

z i h. 

00 

01 

10 

01 

01 

00 

11 

10 

10 

01 

01 

00 

11 

00 

00 

00 


(5) We are going to design this circuit using D FF. Therefore rearranging state tabic wc get. 


I Inputs of 

1 Combinational Logic 


Output ol 

Combinational Circuit 


1 Present state 

Input 

Nexi 

state 

Flip-Hop Inputs 

Outputs 

h A 

1 B 

X 

A 

B 

DA 

DB 

/, 7-2 

0 

1 0 

0 

0 

1 

0 

1 

0 j 1 

0 

0 

i 

1 

0 

1 

0 

o ; i 

0 

] 

0 

0 

0 

0 

0 

l o 

0 

1 , 

1 

1 

1 

1 

l 

i i o 

i 

1 

0 

0 

0 

1 

0 

1 

0 0 

1 

0 

1 

0 

1 

0 

l 

0 1 0 

1 

I 

0 

0 

0 

0 

0 

0 i 0 

1 I- 

I 

1 

0 

0 

0 

0 

0 ! 0 
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Fig. Ex. 11.16(e) 


11.7 Design of Counters : 

This you have alrcad) studied in Chapter 9 Counter is basically Moore circuit 

11.7(A) D esign with State Equation [StatesJj 

We can also design sequential circuit using state equation Slate equation is nothing but an algebraic 
equation that gives the conditions for the next state as a function of present state and input variables 
Information given in suite table is given in. expression form by state equation 
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Mate equation m<M>trk/H , r Analysis and Sy nthesis 

easy to dcri\ c expression from'VH^'Vi' ,1Cn ,,K C,rcu,, ,s alrcadv specified in that form nnH • — <« is 
convenient Sometint . c ,ob c If "c use D FF u»i« .ticiuoa is preferred This method is 

involves considenhlT* l K FF App, - vin S ,,1IS P roccdl,rc for circuit containing RS and T flip flop. 

D FF eJesip • anio,,n * ° algebraic manipulation First we will see. designing using D FF 

basic characteristic equation for D FF can be given as. 

_P (n | ) = p 

j N’e\t state Input 

'aluc of - ncxt sla,c °* Hip flop is equal to present value of D input and is independent of the 
of D .opr” 1 S,1,C ^ nKanS thal Cn,riCS f ° r ,lK I1CXt S,n,C in stntc lablc nrc exactly same as that 

Take oik simple example if given is. 

A = I (2. 4. 5. 6) = DA (A. B. x) 

B = I (1. 3. 5. 6) = DB (A. B. x) 

w here A and B arc FF outputs. DA and DB are flip flop input function. If we draw K map. we 

feGl. 


DA = 
DB = 

JK FF design : 

The characteristic equation for JK FF is 


AB + Bx 
AB + Bx + ABx 

given by. 


Q( n+ 1) = JQ + KQ 
Next state i 1 

- j 

Previous state output 

To get method of design we will take one example. 

Suppose a sequential circuit with JK flip ilops has to satisfy following state equations 

A (n + 1) = ABCD + ABC + ACD + ACD 

B (n + 1) = AC + CD + ABC 
C (n+ 1) = B . . . _ 

• ■ >’T‘ ■ 

D (n + 1) = D 


' 


The input function for flip flop can be derived by following method : 

Arrange the state equation and match it with characteristic equation. 

Suppose we want input function for flip flop A, somehow manage to get form as JA + KA (For 
moment treat J and K as simple variable). 


A (n + 1) = ABCD + ABC + ACD + ACD 

= (BCD + BC) • A + (CD + CD) A ’ 
= (J A ) A + (K A ) A 

J A = BCD + BC 
K A = CD + CD 

K A = CD + CD = CD + CD 

Same way for B (n + 1), 
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b ») - at + CD + ABC 

= (AC + CD) + (AC) B 

= (AC + CD> (B + R> + (AC) B J 

= (AC + CD) B + (AC + AC + CD) B 
= J B B + ic B B 
J B * AC + CD 
K b = (AC + AC + CD) 

K B = (AC + AC + CD) 

K b = AC + AD 
C (n+ 1) = B 

=» B (C + C) = BC + BC 

= JcC + KcC 
J c = B 

Kc = B 

Kc = B 

D (n + 1 ) = 6 = 1 -D + 0-0 = 106 + 1100 
J D = K d = 1 = V cc 

11.8 Multi-input Synchronous Sequential Circuit Design : 

We have studied sequential synchronous circuit for designing application oriented circuit, counters etc. 
One important point is, uptill now we have taken single input line into account. Now in this section we 
will take more number of input lines, because sequential circuits are normally designed to work as 
controller for large systems, hence these systems are sometimes called as controller system. In this section, 
we w ill study the design procedure for small system controllers. Let’s solve some examples. 

Ex. 17 ! Design a controlled counter which has two inputs x 1 and x 2 . The counter must count in 
following manner : 



*2 

States of counter 

0 

0 

3, 2, 1, 0 

0 

1 

2.0 

1 

0 

1,2 ; 

1 

1 

0, 1 
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Diugraminntically circuit can be represented in block schematic as follows : 



Clock 
r v 


A 

External J 

' ’ - ► 

Countor 

► 

input ] 

X 2 

( Sequential circuit ) 

B 


► 


w 


■ Output 



x^ 2 = 00 


X^2 = 01 


x,x 2 = 10 


x 1 x 2 = 11 


Fig. Ex. 11.17(b) 

Now observe given table carefully and concentrate on input and required sequence. Depending 
upon that draw state table. The same is shown in Fig. Ex. 1 1. 17(b). 

We arc going to use D flip flop. Therefore now draw modified state table, consists of present 


XjX 2 = 00 


XjX 2 = 01 


XjX 2 = 10 


XjX 2 = 11 




1 Prese 

nt inputs 

Present state 

Next State 

Flip flop 
innuts 

1 x i 

x 2 

A 

B 

A 

B 

DA 

DB 

f 0 

0 

0 

0 

1 

1 

1 

l ; 

1 ° 

0 

1 0 

1 

0 

0 

.0 

o ! 

0 

0 

1 

0 

0 

1 

0 

l 

^ ° 

0 

1 

1 

1 

0 

1 

0 § 

[ 0 

1 

0 

0 

.1 

0 

1 

0 

0 

1 

0 

1 

X 

X 

X 

X 

0 

1 

1 

0 

0 

0 

0 

0 

0 

< I 

1 ■ 

1 

1 

X 

X 

- X 

X 

1 

0 

0 

0 

X 

X 

X 

X 

1 

0 

0 

1 

1 

0 

l 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

o j 

1 

1 

X 

X 

X 

-X 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 

0 

1 

0 

0 

0 

0 

1 

1 

1 

0 . 

X 

X 

X 

X 

I 1 

1 1 

1 

1 

X 

X 

X 

x 1 
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Ex. 18 : Design a fault detector with following description : 


A fault signal *F’ activates an alarm bell, turns green light OFF and red light ON. The operator 
turns OFF the bell by pressing an acknowledge switch ’A’. When fault clears itself, red light 
turns OFF, green light turns ON and the bell is automatically reactivated to attract the 
operator's attention. The bell is turned OFF, when operator presses acknowledge button. Test 
button T* is used to test the circuit. 
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Soln. : 

• Analyse problem 
It has three inputs : 

- Fault signal T’ 

Acknowledge switch 'A' 

~ Test button 'T 
It has three outputs : 

Green light 'G' 

- Red light 'R' 

- Bell 'B' 

2 Let s analyse state of circuit, one by one. 

(a) Initially consider that state so, where green light is ON and red is OFF, as well as bell is 
OFF. 

S 0 — » G = 1, R = 0, B = 0 

(b) In above state i.e. S 0 , if we receive fault signal or test push button, green light will be OFF 
and Red light will be ON, with bell ON. At that time we have to change state, say S, 

S, — » G = 0, R = B = 1. 

(c) Now operator will press button 'A' (i.e. acknowledge). In response to it, bell will be OFF 
Therefore circuit changes state to S 2 . In S 2 -> G = 0, R = 1, B = 0. 

(d) Now circuit waits for fault clear condition. When fault is cleared, circuit sw itches to state S 3 
and outputs S 3 -> G = 1, R = 0, B = 1. 

Bell is activated. 

(e) Again circuit will expect acknowledge from operator. When operator acknowledge, by 
pressing button 'A', bell will stop, therefore circuit switches to S 0 state and G = 1 . R = 0, 

B = 0. 

Refer Fig. Ex. 1 1.18(a) for state diagram. 

Fault OR Test button 



Fig. Ex. 11.18(a) 

3. There arc total four states S 0 = (00) 2 , = (01) 2 , Sj (10) 2 and S 3 (U) 2 . 
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In totality wc ha\c five inputs, i c two bits for present state, fault, acknowledge and test Three 
Outputs arc three G. R and B Five inputs provides 32 combination Drawing the same becomes 
it complicated To reduce that we follow bit short-cut method, which is explained as follows 


— . — I r v " 

Present state 

laoiu. I irc* I 

Inputs 

* Miuwn db iui 

Next state 

lows 

Output 


>l 

-2 

F 

A 

T 

Y, 

Y 2 

G 

R 

1 

B 


0 

0 

1 

X 

0 

— 

0 

1 

1 

0 

0 

m 2 

0 

0 

0 

X 

1 

0 

1 

1 

0 

0 

m 3 

0 

0 

1 

X 

1 

0 

1 

1 

0 

0 

m 4 

0 

1 

X 

1 

X 

1 

0 

0 

1 

1 

m 5 

1 

0 

0 

X 

X 

1 

1 

0 

1 

0 

m 6 

1 

1 

X 

1 

X 

0 

0 

1 

0 

1 


j, »UJ IVJ lll^. G.U1IGG11U(UG Ull All j , 1112 ailU UUppVJV pivjv..» ^ 

00 then if F or T either signal is present next state is '01'. Here signal 'A' is don't care. F and T 
can have 01, 10 and 1 1 states. Same way when present state is '01'. then only acknowledge A is 
important. F and T are considered as don't care. Same way you go on filling the state table. 

Next state Y j is function of m 4 and m 5 . 


Y i = m 4 + m 5 = YiY 2 A + yiy2 F 

Same way write equation for Y 2 , G, R and B. 

Y 2 = m t + m 2 + m 3 + m 5 

= yiy 2 Fr+y^FT + y^FT + y^F r 

= yiy2 F T , + y2F(yi + yi T ) + yiy2 FT 
= y ty 2 f (T + T) + y 2 f (y ! + T) 


= yiy 2 F + y 2 F yi + y 2 FT = y 2(yi F + yi F ) + y 2 FT 

G = mj + m 2 + m 3 + 

= y^2 (FT + FT + FT) + y,y 2 A 

= yiy 2 (T + FT) + y,y 2 A = y x y 2 (T + F) + yi y 2 A 
R = m 4 + m 5 = Yj 

B = m 4 + m 6 = y,y 2 A + y t y 2 A 

= y 2 A (y i yi) = yi A 

From boolean expression draw logic diagram. 


Ex. 19 : Design a sequential circuit which unlocks when three specified keys on the keyboard are * 
activated in sequence. If the wrong key is pressed at any time, the buzzer is turned on 
Activating key in correct sequence when the buzzer is on, will turn off the buzzer and unlock 
the door, this allows circuit to accommodate genuine mistake. 

Soln. : Let's first draw block schematic of the system. 
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tj 

: 


W 

X 

Y 

Z 

+ 


Sequential 
circuit for 
electronic lock 


[Z = 1 . when 
a key other than 
W. X. Y is pressed] 


-> Buzzer 


-► d (d = 1 Unlock door] 



T'P * Tv V , C, 


743 


[D = 1 , when door is 
open circuit reset] 

Fig. Ex. 11.19(a) 

^ c " consider that sequence has to be W. X and Y. This sequence is proper. 

Z is a signal which is generated when key other than W. X and Y is pressed. 

D is generated when door is open. It resets the circuit. 

Buzzer is for enabling/disabling buzzer. 

" c " assume initial condition to be. door is closed and buzzer is OFF. circuit is in S 0 state. 


/ 


2 Let’s draw state diagram for the same. 



2. If input is W. state changes from S 0 to Sj, else it will change to S 4 . If state Sj, b = d = 0. 
But if stale is S 4 , b = 1, d = 0. 

3. In state S., if input is x, next state will be S 2 , else next state will be S 4 . If next state is 

S 2 . b = d = 0. 

4 In state S 2 . if input is y, next state will S 3 and in that state as proper sequence is generated 
d = 1 and b = 0. If key other than y is pressed next state w ill be S 4 . 

Now door is open, therefore signal D will be generated and it will reset the full circuit. 

In state S 3 , if w e gel key depression, next state will be S 4 . 

5. Finally when state is S 4 and W i.e. first correct key is pressed, next state will be Sj. This is 
nothing but accommodating genuine mistake. But if key other than W is pressed, it will be 
state S 4 . 


7 
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n 







: 





r 


Present input (This checks only for true condition) 

W X Y Z 



So 

S,. 0 . 0 . 0 

S 4 . 0 . 1.0 

S 4 . 0 . 1 . 0 

s 4 . 0 . 1.0 

Present^ 


Si 

s 4 . 0 . 1 , 6 

S 2 . 0 . 0 . 0 

S 4 , 0 . 1.0 

S 4 . 0 . 1 . 0 

state 


S 2 

S 4 . 0 . 1 . 0 

S 4 . 0 . 1 . 0 

s 3 . 1 , 0 , l 

S 4 . 0 , 1 . 0 



S 3 

S 4 . 0 . 1 . 0 

S 4 . 0 , 1 , 0 

s 4 . o. i, o 

S 4 . 0 . 1 . 0 


S 4 

S 4 . 0 , 0 . 0 

S 4 . 0 . 1 . 0 

S 4 , 0 . 1 . 0 

s 4 . o. i. o 


T T T 


state d b 
•i S 0 = 000 
Sj = 001 

5 2 = 010 

5 3 =011 

5 4 = 100 


State table will be 


Present state 

Inputs 

Next state 

Outnut 

J’3 

?2 

' yi 

w 

X 

y 

z 

*3 

Y 2 

Y, 

a 

b 

D 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

• 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

X 

X 

1 

0 

0 

0 

1 

0 

0 

"0 

0 

Or 

X 

1 

X 

1 

0 

0 

0 

1 

0 

0 

0 

0 

Q 

X 

. _ X 

1 

1 

0 

0 

0 

1 

0 

0 

0 

1 

o 

1 

0 

.0 

' 0 

1 

0 

0 

'o 

0 

0 

0 * 

1 

1 

“* 0 

X 

X 

1 

0 

0 

0 

1 

0 

0 

0 

1 

X 

0 

1 

X 

1 

0 

0 

0 

1 

0 

0 

0 

1 

X 

0 

-X 

1 

1 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

1 

0 

0 

0 

1 

0 

1 

X 

0 

X 

T 

0 

0 

0 

1 

0 

0 

1 

0 

X 

1 

0 

X 

1 

0 

0 

0 

1 

0 

0 

1 

0 

X 

X 

' 0 

• 1 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

1 

1 

X 

X 

X 

1 

0 

0 

0 

1 

0 

0 

1 

1 

X 

1 

X 

X 

1 

0 

0 

0 

1 

0 

0 

1 

1 

X 

X 

1 

X 

1 

0 

0 

0 

1 

0 

0 

1 

1 

X' 

X 

X 

1 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

1 

X 

- X 

1 

0 

0 

0 

1 

0 

1 

0 

0 

' 0 

' X 

1 

•X 

1 

0 

0 

0 

1 

0 

1 

0 

0 

0 

X 

X 

1 

1 

0 

0 

0 

1 

0 


H 


a 1 


i 



% Now as we have done in previous example write equation for a, b and D. 

| Here input variables are 4 and state is 3 bit, so 7 bit K map is difficult to draw. 

Conclusion : We have observed that for multiple input sequential circuit design we get 5, 6, 7 or more 
variable K map. Therefore design procedure is bit complicated. To write state table is 
also complicated. Therefore we take help of ASM (Algorithmic state machine) charts. 
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-- ® ^^nip j. es from University Pap e rs 




J* For a synchronous counter with a sequence 0, 2, 7, 5, 3 , o 
(a) Set up the present state/next state table. 

«-) Sc, up exaction table for the input, of flip-flop, assuming D-, ;pc 4 M,rio) 

<0 Construct K-maps for the excitation inputs, sim p„ r , and reali5c ^ 



jJ? " ‘ HC ~ C " ,m a "- V ” f U "““ J •» * (M^ It 4 Mark,) 

° f ^ S ' a ' C ^ 1 T ° ~ 7 tabta, we 
invalid sate, in above examp, e Uiid" ^ " , "" d “ 3 We ^ d °"'' - ■* 


0- 2 - h . 7 - h . 5 - >3 _ 1 

Step 2 : We have to write excitation table for inputs of flip-flops using D-flip-flop. 
Excitation table : 


p 

resent St 

ate 

D inputs 

Next State 

f Q2n 

Qin 

Q«n 

d 2 

Pi 

Pp 

Q 211 +I 

Qin+i 

vnii+i 

0 

0 

0 

0 

1 

0 

0 

i 

wii t 1 

0 

1 0 

0 

l 

X 

X 

X 

X 

X 

X 

0 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

i 

0 

0 

0 

0 

0 

0 

1 

0 

0 

X 

X 

X 

X 

X 

X 

1 

0 

i 

0 

1 

1 

0 

1 

1 

I 

1 

0 

X 

X 

X 

X 

X 

X 

1 1 ' 

1 

i 

1 

0 

1 

1 

0 

1 


Table 1 

.Step 3 : Now using Table 1 we have to construct K-maps for inputs of flip-flop. 

K-map for D 2 


0,0 

0 Q l°0 
00 

°1 Q 0 

01 

Q,Q 0 

11 

°1°i 

10 

3 

i °2° 

0 

X 

0 


n 



0 

1 

3 



2 

0 2 1 

X 

0 

0 


X 

) 


4 

5 

7 


u 

6 


D 2 = Q,Q 0 + Q, Q 2 
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(d) The unused stale of counfcr are 1.4,6 

So we will have to check if counter enters am unused state, it will go to lockout condition 
^ ^ W| ll check this from logic circuit of above sequence counter 


or not 



Table 2 


From fable 2 If counter enters into any unused state it will not go to lockout condition It returns to 
valid slate 


-alid state 

The diagram of bushing is as follows : 



2. For a synchronous counter with a sequence 0, 1, 5, 6, 4, 2, 0. 

(i) Set up present state/next state table. (May 97, Dec. 96, 3 Marks) 

(n) Set up excitation tables for the inputs of the flip-flops (assume D flip-flops). 

(May 97, Dec. 96, 4 Marks) 

(iii) Construct K-maps for the excitation inputs, simplify and realise the counter. 

(May 97, Dec. 96, 6 Marks) 

(iv) If the counter enters any of the unused states what will happen? (May 97, Dec. 96, 3 Marks) 
Ans. : 

Step 1 : The counter is non-sequential. Maximum count of the state is 6. 

6 £ 2 m 


m = 3 


No. of flip-flops arc 3. 

2 m = N = 2 3 = 8 
0-7 states. 

We have to write don't care for invalid states In above example invalid states arc 3 and 7. 


r 


5 -►e -►a- 


3 


Step 2 : We have to write excitation table for inputs of flip-flops using D-flip-flop. 
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a 



Fig. Q.11.2 


Step 5 : The unused states of counter are 3 and 7. 

So we will have to check if counter enters any unused state, it will go to lockout condition or not. 
We will check this from circuit diagram of above sequence counter. 


Decimal 

Previous State 

Input to D FF 

Next State 


Qi 

Qi 

Qo 


Di 

Do 

Q2n + 1 

Qln+ 1 

Qon + 1 

3 

0 

i 

l 

1 

0 

0 

1 

0 

0 

7 

l 

i 

l 

1 

0 

0 

1 

0 

0 


Table 4 


From Table 4, if counter enters any unused state it will not go to lockout condition, it returns to valid 
tate. 

The diagram of bushing is as shown below : 



3. For a synchronous sequence counter with sequence 0, 2, 6, 5, 3, 1, 0 
(a) Set up present state/next state table. 


(Dec. 97, 2 Marks) 
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(b) Set up excitation table for inputs of flip-flop (assume D-flip-flop arc used.) 

(Dec. 97, 5 Marks) 

(c) Construct K-maps for excitation inputs of flip-flop, simplify and realise the circuit. 

(Dee. 97, 6 Marks) 

(d) If the counter enters any unused state will it go to lockout condition ?(Dec. 97, 5 Marks) 

Ans. : 

Step 1 : The counter is non-scqucntial. Maximum count of the state is 6. 

6 < 2 m 


m 


= 3 


Number of flip-flops arc 3. 

We have to write don't care for invalid states. In above example invalid states are 4 and 7. 


u ■ 

t 


n 


Step 2 : We have to write excitation table for inputs of flip-flops using D-flip-flop. 
Excitation table : 



Step 3 : Using Table 5 we have to constmct K-maps for inputs of D-type flip-flop 



^2 = QA 
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Step 5 : The unused states of counter arc 4 and 7. 

So we will have to check if counter enters any unused state, it w ill go to lockout condition or not 


Decimal 



Previous State 

Inputs to DFF 

— ’’I 

Next State 


q 2 

Qi 

Qo 

l>2 

»>, 

Do 

Q 2 n * I 

Qln+l 


4 

1 

0 

0 

0 

I 

0 

0 

1 

1 

0 

7 

1 

1 

1 

0 

0 

1 

0 

0 

J 

1 

1 


Table 6 


FromTablc 6, if counter enters any unused state ; it will not go to LOCKOUT condition. It returns to 
valid state. 

The diagram of bushing is as shown below : 



• , 4 ' # A sequential circuit employing two J-K fli|>-flop is shown in Fig. O. 11.4. Analyse the 
an write equation for flip-flop output Q 0 and Q, and circuit output Z. Hence derive all 
possible entries of present state/next state table for this circuit (J u „ c 99, Dec. 98, 10 Marks) 
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An\. : Iti the given circuit two J-K flip flops arc shown Input to first flip-flop is X and Q, and 

given to J () through AND gate Input to second flip-flop is Q| and Q 0 which is given to J, through AND 
gate Input to J j is inverted and given to K ( K () is grounded 


Present State 

X 

Ql 

Q. 


Qo 

0 

I 

0 

i 

0 

0 

1 

0 

0 

i 

0 

0 

1 

1 

0 

0 

0 

1 

0 

1 

1 

1 

[,, 

i 

pr 

1 

1 

0 

0 

i 

1 

0 

1 

1 

0 

1 

0 

1 

0 

i 


I/P to JK FF 


Next State 


Q<>+ i 


Dec XQ 0 

im Q, 


1° I 1 I () I M 3 I 1 I o I 0 I 1 I I 

Table 7 

State diagram : 

Eit her x = 0 or I 

If \ = 0. the states of counter are as shown in state diagram below. 


o o () 


0 o 0 


3 () 


If x = 1 . the states of counter are as shown in state diagram below 


□ □ 
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Syllabus : Prograrrmab'e logic devices. Programmable 'og : c arrays and progran t . s z-e 
array logic. Design using PAL. fie'd programmable gale array. 


r- ■; 

Name of the Topic 

Section 

number 

Theory 

Problems 

• PLA 

12.2 



^ » PAL 

12.3 


ii 



Comments 

• Base for PLD (Programmable logic devices) 

• Need of present day 


J 


Scanned by CamScanner 



'Digital 


_^2.1 Introduction : 


12-2 


PAL and PLA 


availab^f dC S'n' 8 digi,al circui,s wc ma >’ squire to implement AND/OR/INV circuits. There are chips 
boolean/ - ° F anc * ® ut whenever your circuit utilises more number of gates and complicated 

that w unc 10ns ’ hardware, cost increases. The normal trend we follow is to go for custom IC chip, so ^ 
Bee-ms Can mainta * n sccrcc y- But in this ease the affair becomes bit costlier if IC is not for long run. 
desicnc 0 ^ CUSt0ai onc ^ las 10 hare high start up cost. Considering this problem and to aid 

IC con/' 10 USmg cwcr c hips and built complicated network IC manufacturers make semicustom chips in 
interen/ 1110 ^ 10 a hasie two level gate network with many gates is produced and the gates can be 

p nC< i f A° n <1S ^ cs * rcc h These ICs are called Programmable logic arrays (PLAs) and 

< mma e rray Logic (PALs). Basically PAL is registered trademark of Monolithic Memories. 


— PLA (Programmable Logic Array) : 

Basically PLA Consists of 

(1) AND Matrix. 

(2) OR Matrix. 

Depending upon user's requirement connections in the Matrix are FUSED. 
st These are two different ways of manufacturing PLA. 

I • Manufacturer places fused connections at every intersection point in the PLA between the inputs 
and the AND gates, and between AND and OR gates. Thus every possible connection is made 
when the PLA is manufactured and the desired connections are removed by blowing the fuses. 

^ This type of PLA often called as FPLA (Field Programmable Logic Array), 
n . Desired connections are made during manufacturing. Manufacturer originally makes IC array 
layout so that any desired connections can be made, and the designer informs manufacturer which 
connections to make for a particular design. Manufacturer creates 'mask', which provides desired 
connections when layer of metalization are added to the chip during manufacturer. Setting of this 
mask costs for less than designing an entire new chip with precise logic array desired by logic 
designer. 

Firstly we will study layout for small PLA. 
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PAL and PLA 


The PLA army lias three AND gates and two OR gates. The connections from inputs A ; Bj C to the 
AND gales arc not complete and that the AND gate outputs are not connected to OR gates. The 
connections arc made as desired by gate network designer. 

Suppose for this particular PLA we want 

Output 1 = ABC + AB 

Output 2 = AB + B C 

Then circuit will be as shown in Fig. 12.2. 




j 
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In practice we have larger PLA contain several hundred 
simplifying symbology is used. 


PAL and PLA 

gates. Therefore to design larger arrays 


Fig. 12.3 shows, crosses drawn on the function indicate ANDs. and square indicates ORs The AND 
can be realised by single diode, the OR can be realised by diode pointing other way. In practice, 
manufactures lays out chip with diodes at even' intersection of the lines, and only desired diode 


connections arc made. Fig. 12.3 shows example of Fig. 12.2. 

In FPL A we can also program active level of each output. Programming FPL A consists of 
0) Programming AND Matrix 
(2) Programming OR matrix. 

(-3) Programming active level of each output. 

The logic of m x p x n FPL A is shown in Fig. 12.4. 


wnerc ni - number of inputs 

p = number of product terms, 
n = number of outputs. 

P Product terms ANDs together, any number of the inputs (either active HIGH or active LOW). 

Product term is not required to be function of all inputs. It can treat any number of inputs as don't care 
inputs. 


Each of n outputs are formed by ORing together any number of (active HIGH) product terms. Finally 
we can select whether output is active HIGH or active LOW. 

Let's see if we make m x p x n matrix how many fusible links we require. Here we normally have one 
fusible link to set active level of o/p. 




Fig. 12.5 : FPAL 82S100 and 82S101 
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16X48X8FPLA PROGRAM TABLE 


INF 

S UT VARIABLE 

* nvunwn IMDLl C . ri 1 K1 1 > 

OUTPUT FUNCTION 

OUTPUT ACTIVE LEVEL 

Im 

nsr 

Don’t Care 

FVod.Term 
Present in Fp 

Prod Term Not 
Present in Fp 

Active 

High 

Active 

Low 

H 

L 

- (dosh) 

A 

•(period) 

H 

L 

NUTE Enter^for unused 
inputs of used P-terms 



NOTES l)Entries independent of 
output polarity 2)Enter A for 
used Outputs of used P-terms 

NOTES DPolor/tv program 
med once only 2)Enter(H) 
for oil used output s 


NO 


T 

1C 


4 


13 

if 


JL 


18 




Tf 

TT 


~2T 


24 


if 


27 


1 


30 




34 


45_ 


_2i. 


37 


IF 


if 

41 


152 

¥ 


¥ 


m 


INPUT VARIABLE 

1 


3 2 


1 


8 


[ I » • I | * * 

L_I » 1 JL 1 — . 

OUTPUT FUNCTION 


g 

g 

m 

Bl 

0 

m 

a 

LJ| 




41 


u 





M 

■ 


B 


i 






Bl 


1 



m 

■ 


B 





m 

■ 


B 


i 



■1 

■■ 


Bl 


1 



m 

HI 


B 





■ 

IB 


■ 


i 



■ 

H 


B 


1 



■ 

Bl 


■ 





■ 

H 


Bl 





■ 

Bl 


Bl 


1 



■ 

Bl 


B 


1 



B 

H 


H 


i 



■ 

91 


B 





■ 

■ 


■ 





B 

H 


m 





91 

H 


B 





■ 

■ 


B 





B 

Bi 


B 


I 



B 

■ 


H 



! 


■ 

B 


Bl 





■ 

H 


Bl 





■ 

B 


B 





B 

H 


B 





HI 

BB 


B 





■ 

BB 


Bl 





■ 

H 


H 





Bl 

Bl 


Bl 





H 

H 


Hi 





■ 

H 


H 





Bl 

H 


H 





■ 

B 


B 



buh 

BB 

Bl 


IB 





B * 

m 1 


IB 





■ 

m 


IB 





Bl 

IH 


IH 





IB 

IB 


IB 





IH 

IB 


IB 





m 

IB 


IB 





IB 

IH 


IB 





IB 

IB 


IB 





m 

IB 


IB 





!■ 

ib 


IB 





IB 

IB 


IB 





IB 

IH 


IB 




IB 

IB 

IB 


IB 



mm 


IB 


II 




s 


Fig. 12.6 : Program table for a PLA 
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Output fuses 
AND Matrix fuses 
OR Matrix fuses 
Total 


PAL and PLA 


= 2 x m x p 


n 


p x n 


- n + 2 nip + pn 

sieJri^V? o'fi U »^ S0I ? e ChipS and P ro g rammin g niethods for the same Fig. 12 5 shows, FPLA from 
Mgncucs i.e. 82S100 and 82S101. 

c ha\c to prepare truth table to specify contents of FPLA. The same is shown in Fig 12 6 

We will use signctics programming notation. 

1 • 


1 . Product terms 

2. Output Functions 
V Output active level 


H = 
L = 

A = 

H = 
L 


— IV r » VVI 

^ c " iH previous example and try to prepare truth table 


Active - high input 
Active - low input 
input ignored (don't care) 

Product term included 
Product term ignored (don't care) 
active - high output 
active - low output. 


16X45X8 FPLA PROGRAM TABLE 


PROGRAM TABLE ENTRIES T 

IN 

3 UT VA 

RIABLE 

OUTPUT 1 

'UNCTION 

OUTPUT ACTIVE LEVEL 

Im 

firT 

Don’t Care 

Prod .Term 
Present in Fp 

Prod Term Not 
Present in Fp 

Active 

High 

Active 

Low 

H 

L 

- (dash) 

A 



•(period) 

H 

L 

NOTE Enter<->for unused 
inputs of used P- terms 

NOTES 1)Entries independent of 
output polarity 2)Enter A for 
usejd Outputs of used P-terms 

NOTES 1)Po 
med once or 
for all use< 

larrty program 
dy 2)Enter(H) 
3 outputs 


PRODUCT TERM 


INPUT VARIABLE 


NO 

H 

H 


H 

H 

B 

I 

■ 

■ 

■ 


■i 


33 

m 

— — 

□ 

IB 

a 

o 

E 

□ 

a 

5 

a 

a 


5 

a 

0 

Q 

i 

T 


> - 

1 — 

— 

— 

- 

— 

— 

— 

— 

n — 

— 

— 

— 

Ll 

in 

M 


a 

a 

B 

El 

Q 

a 

a 

r.i 

4-i 

- 

— 

— 


— 

- 

— 

— 

— 

- 

— 

— 

— 

- 

o 

n 


a 

a 

a 

D 

□ 

a 

a 

u 

~TL 

7 

_Z- 

— 

z 

— 

— 

— 

— 

— 

— 

— 

— 

— 

in 

in 

— 


a 

a 

a 

a 

□ 

a 

u 

El 



















■ 








pKfli 

e 




















z 

—1 



” 


























l_— “ 1 

' 

Ei 



. 



1 

i 

| 

- 

. 

. 



. 

- 



\ 

1 



1 




' " 


ACTIVE LEVEt 

HT 


Fig. 12.7 

(1) Tlte logic input variables are identified with input variable number 0 to 15 on the table 
Let's say input 2 = C 

input 1 = B 
input 0 = A 

(2) We arc interested in A B C. AB and BC. 

The Rule is 

IF AN INPUT IS NOT COMPLEMENTED, 'H' IS WRITTEN IN THE TABLE IF THE INPUT 
IS TO BE COMPLEMENTED. *L* IS WRITTEN IF INPUT NOT USED. IS WRITTEN 
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PAL and PLA 


Wc wish to form ABC. AB and BC. So to form ABC wc will write L. H and L under column 2, 

1 and 0. 

(3) 1 he OR gate inputs arc written as follows If an AND term in a particular row is to be used in an 
OR output, an A is written in the row, IF not a V is written. In Fig. 12.7 OUrPUT FUNCTION 
LINE 0 in table associated with output 1 and OUTPUT FUNCTION LINE 1 corresponds to 
output 2 

Output 1 = ABC + AB 
Output 2 = AB + BC. 

12.3 PAL (Programmable Array L o gic ) : 

The PAL represents another alternative to PROMS. This device was introduced by Monolithic 
Memories. The PAL differs from the PROM in that the input AND gate connections are programmable in 
PAL, whereas the output OR gate connections are programmable in PROM. This difference usually results 
in reduction of gate count in PAL compared to PROM performing same function. PAL is in the form of 
standard two level logic circuit for evaluating an SOP logical expression. Fig. 12.8 shows logical diagram 
of small PAL. - 

Now- let's see some PAL's available in the market and are famous. 

As shown all chips are nothing but m x 16 x n FPLAS. 
w here, m = number of inputs 

n = number of outputs 

Each IC is packaged in 300 mil wide DIP package. Their totem pole output provide ease of use and 
fast access time. 

In PAL numbers are, 


PAL 

16 

H 

2 

PAL 

16 

L 

2 

PAL 

16 

C 

1 

PAL 

14 

H 

4 

PAL 

14 

L 

4 


T 

4 

4 


Inputs 

Active Output Level 

Output 


Let's see inside of PAL, Fig. 12.10 shows one exmaple PAL structure. 
Let’s analyse the connection separately. Refer Fig. 12.1 1. 
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Fig. 12.8 : Example of PAL 
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ZJ 

c 

c J 


o 

< 

a. 


fN 



tx 

£ 
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Digital 


v- Inputs for and gates single line represents 32 inputs 
3L Programmable connection 


Tristate driver 

Driver 
enable 


f 18 



• Programmable input line 
■Input driver (Outputs high and low assertion levels) 


Output or gate 
Inr-j* and gates 


-Y 


Fig. 12.11 : Part of PAL Circuit 

Fig. 12.1 1 shows all the parts labelled. 

(1) It lias two level logic circuit. 

(2) Firstly seven 32 input AND gates. 

(3) Secondly 7 input OR gate. 

(4) Programmable connections are between 32 vertical input lines and horizontal input lines to AND 
gates. 

(5) Each horizontal input line to AND gate shows 32 actual inputs to the gate. 

(6) Seven AND gates are permanently connected to an OR gate. 

(7) External connection to circuit are indicated by pin numbers on the circuit diagram. The circuit 

shows only of the input and its driver. * 

(8) Driver is capable enough to provide high as well as low assertion level. 

(9) O/p i.e. Pin 18 can serve as an i/p and also as an output, because of tristated o/p buffer. 

(10) Enable of tristate driver is controlled by top AND gate. 

(11) If top AND gate enables driver pin 18 will be an output line. But if AND gate disables driver pin 
1 8 can function as an input line. 

(12) If you observe diagram it is possible to have internal connection of an output as an input. 

(13) Refer Fig. 12.10. 

Pin number ! to 9 and 1 1 are strictly input lines (10 inputs). 

Pin number 12 and 19 arc strictly output lines (2 outputs). 

Pin number from 13 to 18 can be programmed 
as an input or an output (6 programmable). 

/. This PAL is 

PAL L _8_ 

t i 

t 

Inputs Output A 

12.3.1 Pal Programming : 

The way we have truth table for FPLA, we Itavc truth table for PAL. Fig. 12.12 shows one example of 
truth table for PAL I0H8 and PAL 10L8. 

. , n *»< < v !*i \ w vv\ < ’ *. i * n n \\ nm nawo t A \ !• W -4 
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PAL and PLA 


PAL TABLE MO- 


CHECK 

ONE 

monolithic 

MEMORIES 
PART NO. 

OUTPUT 
ACTIVE LEVEL 


PAL 10H8 

H 

H 

H 

M 

M 

H 

H 

H 


PAL 10LB 

L 

L 

L 

L 

L 


L 

L 



As seen, outputs and output levels have already been programmed. We Lave to simply define 16 
product term. Normally, PALs arc programmed with PAL programmer. One can have two types of PAL. 

0) In some PALs all programmable connections are connected with fusible links, and PAL 
programmer burns away the connections not desired. Here programming is permanent 

(2) Some PAL also supports erasable programming, so PAL can be reused. 

For programming PAL we have to simply write boolean functions. The boolean expressions then 
converted to fusible link map by software like PALASM or PAL 20. EXE. We have to write boolean 
expression in any editor (NE, SK, TC etc.). To understand let’s take one examole of 3 line to 8 line 
decoder (74LS 138) using PAL 16L8. 


Ex. 1 : Design 3 to 8 line decoder using PAL 16L8 

Soln. : Let’s say inputs arc A, B and C, where A * MSB and C is LSB. Output lines arc Y 0 , Y,. Y„ Y v 

y 4 , y 5 , y 6 y 7 . 

Truth table is, 
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0 

0 

0 

0 

1 

1 

1 

1 


Inputs 


B 


0 

0 

1 

1 

0 

0 

1 

1 


; PALASM 
TITLE 
PATTERN 
Revision 
AUTHOR 
COMPANY 
DATE 
CHIP 

; Pins I 

A 

; Pins 11 

NC 

Equations : 


0 

1 

0 

1 

0 

1 

0 

1 


2 

B 

12 

Y n 


0 

1 

1 

1 

1 

1 

1 

1 


3 

c 

13 


PAL and PLA 


Outputs 


Yj 


Y, 


1 

1 

1 

1 

0 

1 

1 

1 


1 

1 

1 

1 

1 

0 

1 

1 


1 

1 

1 

1 

1 

1 

0 

1 


1 

1 

1 

0 


1 1 

0 1 

1 0 

1 1 

1 1 

1 1 

1 1 

1 1 1 
Design Description 
3 line to 8 line decoder 
3-8 decoder 
A 

PALAN N. G. 
CUMMINS COLLEGE 
7/7/2002 
PAL16L8 

4 5 

NC NC 

14 15 

y 2 y 3 


8 

9 

10 

NC 

NC 

GND 

18 

19 

20 

y 6 

y 7 

V cc 


6 

NC 

16 


7 

NC 

17 

Y< 


/Y 0 = / A * / B * /C 

/Y, = / A * / B * C 

/ Y 2 = / A * B * / C 

• m 

/Y 3 = / A * B * C 

/Y 4 = A * /B * /C 

/Y 5 = A * /B * C 

/Y 6 = A * B * /C 

/Y 7 = A * B * C 


j t 


i ' • 
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PAL and PLA 

/ s seen declaration section contains information about document design, device identification, pi 


assignment and string substitution. Anything after semicolon is comment. Initial lines am "called Cetfen 
Header, because each line starts from a keyword. 


After this, one has to assign signal names to the pins of the device. Something must be listed for each 
pm. not used specify NC. Polarity i.c. active high or active low can be done bv 7 \ If T is present means 
active low, not present active high. We have selected all outputs active low. 

• N °'nV, Kn th,S f,lc ,S givcn t0 EXE - P^™ 11 it produces or generates Jcdec file. Thus file is normally 
gnen to PAL programmer. The jcdec format is as shown in Fig. 12.13. 


PAL16L8 

CUMMINS COLLEGE 

*02217* 

GO*FO* 

loooo mi liiiiinm mi mu mini 1 * 
Loo320ioionnnnnnnnnnninn* 
L0256 liiiimiiimmmiiiiiiiiiiii* 
L0288 0iononnnnnnnnnnniin* 
i,05 1 2 mi i inn in in n nnnnnnn* 
L0544 1001011 n n nil n n n n n n 1 1 n 1* 
L0768 11111111111111111111111111111111* 
L0800 10011011111111111111111111111111* 
LI 024 11111111111111111111111111111111* 
Li056onoonnnnnnnnnnnnni* 
L 1280 nninnininninninninn* 

L13 1201101011111111111111111111111111* 
L1536 11111111 11 1111 111111111111111111* 
L1568 10100111111111111111111111111111* 

L 1792 nninninniiiiniiiiimiiii* 
L1824 loioionnnnnnnniinnnn* 
C3EC4* 

•A8F5 


Fig. 12.13 : Jedec format 

As seen all programmable connections numbered starting from 0000. Closed connections arc shown as 
l's and open connections as 0's. 

Lastly I would like to add that in PAL they also provide security fuse. If you blow the fuse one cannot 
copy the PAL contents. This is very useful from secrecy point of view; because of this property PAL IC is 
most widely used in Hardware Lock, so that nobody can copy licenced software copy. Software is only 
executable if and only if hardware lock is present. 

GOG 
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Syllabus : 

Digital Circuits logic levels, Propagation delaytimes, power dissipation, Fan-out and 
i-an-in. Noise margin for popular logic families, TTL, LSTTL, CMOS and ECL 

in egrated circuits and their performance comparison, open collector and Tri-state 
gates and buffers. 

W Name of the Topic 

Section 

number 

Theory 

Problems 

I • Digital IC Technology. 

1 — 

13.2 


— 

• Terms related to digital ICs. 

13.3 


— 

• Bipolar families. 

13.4 

V 

- 

1 * Transistor - Transistor logic (TTL). 

13.5 

s 

— 

• TTL families. 

13.6 

s 

— 

• Schottky TTL. j 

13.7 

s 

— 

• Comparison of TTL families. 

13.8 

s 


• Handling TTL ICs. 

13.9 


— 

| • Open collector. 

13.11 


— 

• Wire ANDing. 

13.12 


— 

• Tri-state TTL devices. 

13.13 


— 

1 • ECL. 

13.14 


— 

• MOS logic (CMOS). 

13.15-13.22 


— 

• Comparing TTL and CMOS. 

13.23-1-3.24 


— 

1 • Interfacing 

13.25 


— 

BICMOS logic. 

13.26 

✓ 

1H2 



Comment 

_______________ a 

• Fantastic chapter from the print of view of knowledge and concept. 

• Concentrate more on Sec. 13.3 to Sec. 13.5 and Sec. 13.15, 

Sec. 13.22, Sec. 13.26 
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13.1 Introduction : 


Logic Famil ies 


Wc have started with basic binary system and discussed complex digital IC's Throughout our 
discussion wc talked about logic '()' and TV Wc treated logic 'O' = GND. logic T' = V cc (+5V) But 

practically logic levels arc same 9 or it varies from family to family. What will he maximum current 
gi\en by gate? What is effect of noise, what is speed limitation for each family? How much power 
dissipated per gate? These all questions will be answered in this chapter. From practical implementation 
point of view, this chapter is very important. 

13.2 D i gital 1C Technolog y : 

One can built AND - OR - NAND - NOR using transistor. Driving transistor in saturation and to 
cutoff, is obviously going to take some time in nano sec. Thus depending upon speed, power 
consumption, transistor is operated in saturation or unsaturation. Because of this, wc have different 
varieties of logic families. 

Transistor is bipolar device, one can think of unipolar device MOSFET also This unipolar device also 
pro\ ides different families. The chart for the family is given as follows. 

Logic families are fabricated on silicon chip. There are different technologies for fabrication of 
Integrated circuit. Digital IC's are classified according to complexity of circuit i.e. relative no. of individual 

basic gates it would require to build the circuit. Various fabrication techniques arc mentioned as follows 

Digital IC technology 


Bipolar 


Saturated 


( 1 ) Resistor 
transistor logic 
(RTL) 

(2) Diode transistor 
logic (D IL) 

(3) Direct coupled 
transistor logic 
(DCTL) 

(4) Integrated 
injection logic 

(I 2 L) 

(5) High threshold 
logic (HTL) 

(6) Transistor 

transistor logic 
(TIL) 


Fabrication Technique 


Small Scale Integration (SSI) 

Medium Scale Integr ation (MSI) 

Large Scale Integration (LSI) 

Very Large Scale Integration (VLSI) 


Unipolar 



Individual basic logic gates required 


< 12 

12 or more, but < 100 

>100 and < 1000 


1000 or more 


Table 1 


Scanned by CamScanner 












Terms Related to Digital 1C ; 

13.3.1 General Definition ■ 


Loqic Families 


unent (I) . Current is the flow of electric charge from one potential to another through a 
uctor. The unit of measure is ampere or Amp. abbreviated A. Common unit found in 
icon uctor industry is |i A. Negative current is defined as current flowing out of device 
(b) you! 1 ? ^ os ' l '' c curr cnt is defined as current flowing into device terminal. 

t r •# a, f C ^ oltage or electromotive force which causes current to flow through a conductor, 
unit ot measure is 'volt', abbreviated 'V. 

1 3.3.2 Voltage Parameter : 

L2^PHjVo jtage^at^mitei^ 

not be 5v 0lI ^P u l is 0 V and 'HIGH' output is +5V. But due to internal circuit drop, output will 

0 "5 Vi Wh° r • W '! Cn L0W ' ° UtpUt is ex P ected instead of OV, it will have some value (typically 0.2 to 
for ‘ Cn HIGH ' 0utput is expected instead of +5V it will be less than +5V (typically 3.6 to 4V). But 

maximum' voltage t^Tnd V™ 6 T e j at output, minimum voltage and at 'LOW' output. 

W V oh (HIGH level output voltage OR Worst 
case HIGH output) : 

The minimum voltage which will be available at 
an output terminal of gate, when required output 
should be at HIGH level logic. Normally it is 
above 2.4 V. 

O') V OL (LOW level output voltage OR Worst case 
LOW output) : 

The maximum voltage which will be available at 
output terminal of gate, when required output 
should be at LOW level. Normally it is below’ 0.4 
V. 

Let's draw the graphical representation for V 0H and 


V 


cc 


V 


OH 


GNDO 


■ 5V 


V 0L 


32 


f 2.4V 


V, 


cc 


V 


IH 


V 


1L 

OV 


Fig. 13.1 


Time 


▲ 

i 

5 V 

A 

k 

2V 


I 0.8V i 

l ' 

► 


V. 


Fig. 13.2 


OL- 


Input Voltage Parameter 


The way we have defined minimum 
output voltage treated as HIGH and maximum 
output voltage treated as LOW. same way for 
input side there will be minimum input 
voltage which will be treated as HIGH ancf 
maximum input voltage which will be treated 


v, 


cc 


V, 


as LOW, i.e. V JH and V IL respectively. . 


(i) V IH (HIGH level input voltage 


OH 

V,H 


OR Worst case HIGH input 
voltage) : 

The minimum positive input 


'IL 


'OL 


0 V 



5V 

A 

i 


A 

i 

2 V 

2.4V 


faiv 




fo 4V i 

f \ 

r i 

f 


T 


Logic 1 


I- 


Invalid state 




Logic 0 


Fig. 13.3 


voltage level that can be applied to an input terminal of device and be recognized as logic HIGH 
level. Normally V IH(ln , nlmum) = 2V. 
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Di gital 13-4 

t*') V,| (LOW level input voltage OR Worst ease LOW input voltage) : 

I he maximum positive input voltage level that can be applied to the input terminal of a device 
and be recognised as logic LOW level. Normally V„ (nm = 0.8 V. 

Let's combine Figs. 13.1 and Fig. 13.2 

(iii) V R (Input Reverse Voltage) : The voltage applied to an input of a device that causes the input 
structure to become reverse biased. Usually equal to minimum high level output voltage (V 0H ). 

(i\) V F (Input Fonvard Voltage) : The voltage applied to input of a device that causes the input 
structure to become fonvard biased; usually equals to maximum output low level voltage (V OL ). 

^ ®vi n (Inpnt Breakdow n Voltage) : The maximum voltage that the device is guaranteed to be 
able to withstand without exceeding more, input current. 

3.3.3 Current Parameters : 


On the similar line of voltage, we will define current also i.c. I 0H , I OL I 1H and I IL . 

Output Current Specification 

u) I ( )n (HIGH level output current) : The current flowing out of an output terminal, when output 
is supposed to be at HIGH level logic. 

(“) *ol (HOW level output current) : The current flowing into an output terminal, when output is 
supposed to at LOW level logic. 

(iii) I os (Output Short circuit current) : The current out of an output terminal, when output is 
shorted to ground, the output is supposed to be at HIGH level logic. 

Input Current Specification 


Jk 


(i) Ij (Maximum HIGH input current) : Current flowing into an input when maximum voltage 
applied to it. 

(ii) I UI (HIGH level input current) : The current flowing into an input when input has high level 
logic voltage equal to i.r'nimum high level output voltage (V OH ). Typically = 40 p A (1 TTL 
load). 

(iii) l i: (LOW level input current) : The current flowing out of an input terminal,, when a low 
level voltage is equal to the max. low level output voltage (V 01 ), applied to it. Typically 
= - 1.6 jj A (one TTL load). 

Supply Current Specification 


(i) ICCH - Supply current (outputs in the HIGH state) : The current flowing into the VCC 
terminal of a device when logic HIGH level established at the output. 

(ii) ICCL - Supply Current (outputs in LOW state) : The current flowing into the VCC 
terminal of a device, when logic LOW level established at the output. 


13.3.4 Noise : * 

Noise is unwanted random signal. The normal conductor or tracks of PCB acts as antenna and catches 
noise. If noise gets introduced in the signal, it may add or subtract with the signal. 

Let's see how it is going to create problem by providing false triggering. Consider a circuit, in which 
NAND 1 drives NAND 2 (Refer Fig. 13.4). 
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s; 


Output 


Input 


parameter 


parameter 


J7V£!L-*- 4V . 


> 

CM 

11 

I 

> 

rr\ 

■ — Vot_ = 0.4V 


V IL = 0.8V 

1 L> 


Logic Families 


Driver gate 


Load gate 


Fig. 13.4 

level, with the nohriiv SC i &CtS ' nlroduccd in l * lc l' nc °f 500 mV, when output from driver gate is at low 


with the polarity shown in Fig 135 

3^0^' 



-=f 0.5\+ 


V ih =2V 


-G> — ° 


Driver gate Noise Load 9 ate 

Fig. 13.5 : Pulse triggering into high state 

defined ° UtPUl V ° L * thercfore volta g e at point X = V x = 0.4 + 0.5V = 0.9V. As 

falls in • , i n • C lnpUl (V,l) IS 0 8 V ’ and minimum hi 8 h level input is 2 V. Therefore V x = 0.9 

output stage of loa^ont p^ Cr ^i U ']' ThCrcfore 0utpul is un P r edictablc. but it may give false change in 
^ <d gate even though output of driver gate is at LOW state. 

ame way, when V OH = 2.4 v noise gets introduced as shown in Fig 13 6 

[T> — o 

Driver gate Noise l_ oad gate 

Fig. 13.6 : False triggering into low state 

V x ^oh “ ^noisc “ 2-4 - 0.5 V = 1.9V. Therefore as V x is low'er than minimum voltage required at 
input to treat it as high i.e. V 1H , load gate may change state or can provide unpredictable output. How 

much noise gets introduced that depends upon environment. But as far as we are concern, we want that 
logic family should not change output because of noise i.e. family should be immune to noise. 

Noise immunity can be defined as how much insensitivity a logic gate has to triggering or reaction to 
noise. 

To improve noise immunity what should be done ? To explain it, we will redraw Fig. 13.3. 

Transition band 


V cc = 5 V 


V 0H = 2.4V 
V JH = 2.0V 

V ]L = 0.8V 
V 0L = 0.4V 


V 


° /p (Unpredictable output) 


V 


OH 



Transition width 

:<3N[ region 
Logic swing 

!OFF region 


V 


OL 



j. 


i V 0L|V n .iV l HiV0H | ., 

I j I I ► Vyp 


NM 


‘nMh 


(a) Logic level diagram 


(b) Input, output characteristics 


Fig. 13.7 
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Logic Families 


Let's understand first new terms. 

(i) Tiansition width : Transition width is V IH - V [L i.c. amount of voltage require to go from 

LOW to HIGH state or V. If the input voltage level falls between transition width output is 
unpredictable. 

(•0 Logic Swing : The difference between two output voltage levels is known as logic swing of ^ 
gate. Logic swing = V OH -V OL . 

(ni) Nofsc Margin (NM) : The amount of extraneous signal which can be tolerated (margin of noise 

t • i t0 / C , ratc ^’ before mi output voltage of gate deviates from allowable logic voltage level, 
ow c\c noise margin (NM L ) : The difference between V IL - V 0L is known as low level noise 
margin. 

NM l = V il - V ol s °- 4v = 400mV. 

It means that if output of driver gate is low logic (0.4V), and if noise voltage > (V a - V OH ) 

superimposes on signal, then it will lead you to invalid region (Refer Fig. 13.9 (a)). Difference between 
ml ~ mol should be as large as possible. 

Hi^h Ic\cl noise margin (NMH) : The difference between V 0H - V IH is known as high level noise 
margin. 

NM h = V OH - V IH = 400 mV. 

This difference should be also more, to have high noise immunity. In short, one should have very low 
transition width and veiy high logic swing, to have high noise immunity. 

DC Noise Margin and AC Noise Margin : 

DC noise margin is nothing but what we studied just now. In general. DC noise margin can be 
defined as difference between, output voltage limits of driver gate and voltage requirement of load gate i e 

V IL" V OL andV < W 


OH 


■ V, 


IH- 


AC Noise Marg i n 


The term dc margin seems little inappropriate w'hen applied to noise, which by general conception is 
an ac factor. While dc noise is not impossible, the user is much more concerned with transient type of 
noise. In circuit, with speed of integrated circuit logic, microsecond wide pulses arc extremely long and 
may be treated as dc. so far as operating margins are concerned. 

As the noise pulse width shortens into low' nanosecond region, a limit is reached where an input pulse 
can be shorter than the time required for signal to propogate through the device. Therefore higher 
amplitudes are required to change the output As pulse width is more or high amplitude pulse will change 
the output of the gate. Because of pulse amplitude, some effects are there which can be broken into two 
separate reactions. 

(1) Effect of input being driven into opposite state marginally or completely. This affect propagation 
delay of the device. 

(2) Capacitive storage and coupling effect, which causes high amplitude pulse to enter and be 
partially stored. This behaviour allows gate to continue to respond to pulse even after it has 
disappeared at the input. 


13.3.5 Fan Out : 


Number of load gates connected at the output of a gate is called fanout of the gate. It is driving 
capability of a particular gate to drive 'N' no. of gates. 


- - If ’ — ^ *■ 

’. V ' * '■ \ 


I 
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Digital 

As shown in Fig. 13.8, driver gate 
drives 'N' no. of load gates. N = fanout. If 
we connect more no. of gates, we are 
loading the gate, therefore output voltage 
will reduce and because of more current 
taken out from output terminal, gate may 
get damaged. 

13.3.6 Fan In : 


” 9 " 

Driver 

gate 


-o 




- 5 > 


Fig. 13.8 


Logic Families 




J 


'N' number of 
load gates 


Number of inputs connected to gate is called fan in of the gate 
For 2 input NAND, fan in is 2. 

4 input AND, fan in is 4. 

In short no. of input terminals = fan in. 

13.3.7 Speed of Operation or Propagation Delay : 

As we have seen propagation dalay is 
nothing but time taken by particular gate to 
produce output, when input is applied. 

The cause of propagation delay is : 

(1) Circuit capacitance. 

(2) Finite switching speed of transistor. 

* Transistor takes some time to switch 

from saturation to cutoff and cutoff to 
saturation. 

The t pd is measured at 50 % voltage level of input and output wave fomi. Let's say a pulse is given to 

inverter input. Then input and output wavefroms as shown in Fig. 13.9. 

t PLH = Propagation delay measured when output switches from low to high. 
tpHL = Propagation delay measured when output switches from high to low. 

.*. tp d = Propagation delay = PLI ! 



13.3.8 Current Source and Current Sink : 

Current Source and Sink are named depending upon flow of current from output terminal. Let's 
consider driver gate an d load gate. 

Current Source 

Fig. 13.10 shows output of driver gate connected to input of load gate. Output of driver gate is 
'HIGH', therefore driver acts as a source and supplies current to load gate. Source current is same as I 1H . 

v cc 
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Logic Families 


^ s shown in Fig. 13.11. when input to NAND (driver gale) is high, output produced is low (V f ). 
ore current 0 n ) flow s from load gate to driver gate. With respect to driver gate, current is coming in 
means gate Sinks the current, therefore called sinking current. 



13.3.9 Power Dissipation : 

The important parameter of the logic family is power dissipation. Normally it should be as low as 
1C P°" cr d' ss >pated by gate HIGH and LOW state is different. Therefore normally average is 

p _ Pdh + p ni. 

P(avg) 2 

PpH ^ Pow ; er dissipated w'hen input was HIGH 
p pl => Power dissipated when input w'as LOW. 

13.3.10 Figure of Merit or Speed Power Product or Power Delay Product : 

The product of propagation time and power dissipation (t pd x P D ) is known as figure of merit or 
performance of gate. Normally minimum value of product is desired. 

These is always compromise between speed (t pd ) and dissipation. To reduce dissipation. Internal 
resistances are increased, then propagation delay is more because stray capacitance and junction capacitance 
will take more time to charge and discharge, therefore speed is less. If resistance are decreased to increase 
speed, power dissipation increases. Therefore figure of merit is taken while selecting family 

~ P D(avg) ' *pd 

PD = Power delay product 
P D(avg) = Average power dissipation 
tp d = Propagation delay 

13.3.11 Operating Temperature : 

The temperature range in which IC will function properly is called operating temperature for the IC. 

For consumer and industry grade IC, temp, range is 0° to 70°C. 

For military, aerospace, temperature range is - 55°C to + 125° C. 

13.3.12 Package Density : 

Package density means no. of gates fabricated per unit square area. Some of the families have higher 
package density, because of merging of components. 

» ’ '"S’- ■ • t ? ^ 5 •* * \ \ '. V ’ . ‘f \ ** VI • W \ * * *# 1^2"; 
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above pemictcrs into consideration. b 

13.3.13 Physical Packaging of Logic Circuits : 

.o/r 3 ;' 2 ^ n COmm0 " physical P acka «c "SCd 10 house IC 

catted h " S pack38c is ,mdc orcillrcf P'ns.ic or ceramic and is 
called duahn-hne (DIP) package. Pins of the IC may be 14. 16 18 
2( h 40 and so on. ^ 

Fig. 13.12 shows physical dimension 24 pin Chip. 

Presence of the notch on one end, is used to locate pin no. 1. 

° mC S usc sma11 dot 011 thc top surface of the package to locate 

Pm he spacing between pins (lead pitch) is typically 100 mils. 

Due to advancement in digital integrated circuit, we have few 
more IC packages. 


Logic Families 



Pin 13 


Pin 12 


24-pin DIP 

Fig. 13.12 



Pins on all 
four sides 


Chipped 

corner 


Pin 2 
Pin 1 
Pin 28 


Pin 24 



j_Pins on all 
four sides 


28-pin PLCC 
(J-lead) 

socket or surface-mount 


48-pin QFP 
(gull-wing) 
surface-mount 


(a) (b) 

Fig. 13.13 : Common 1C packages 

Bevel 



i 16-pin SOIC 

Pin 8 (gull-wing) 
suifneo-mount 


Fig. 13.14 : Common IC packages 
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TVSOP 
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PLCC 
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Package Name 


Dual-In-line Package 
Small Outline Integrated Circuit 
Shrink Small Outline Package 
Thin Shrink Small Outline Package 
Thm Very Small Outline Package 
Plastic Leaded Chip Carrier 
Quad Flat Pack 
Thin Quad Flat Park 

Tabic 2 : IC packages 

Iji l Bipolar Families - 


We are going to start with bipolar families. 


Height 

Lead Pitch 

200 mils (5.1 mm) 

100 mils (2.54 mm) 

2.65 mm 

50 mils (1.27 mm) 

2.0 mm 

0.65 mm 

1.1 mm 

0.65 mm 

1.2 mm 

0.4 mm 

4.5 mm 

1.27 mm 

4.5 mm 

0.635 mm 

1.6 mm 

0.5 mm 


13.4.1 Direct Coupled Transistor Logic (DCTL) : 



(a) NOT gate m DCTL family (b) input characteristic of transistor 


Fig. 13.15 

( 1) Transistor Q,,Q 2 and Q 3 are used, connected parallely . 

(2) INPUT A, B and C are directly given (No base R used). 

(3) Load resistance R c is common. 

(4) OUTPUT V 0 taken from collector of transistor with respect to ground. 

Working : 


( 1 ) 

( 2 ) 

( 3 ) 

( 4 ) 

( 5 ) 


When A - B - C - 0, Q, - Q, = Q 3 = OFF, V 0 = V cc (HIGH logic). 

When either of the A, B, and C is 1 , transistor Q, or Q,, or, Q 3 will conduct and will operate in 
saturation. V 0 = V CE (SA1 , = 0.2 V (LOW logic). 


When A - B - C = 1, because of matched characteristics, 
collector current to flow. V 0 = V CE ( = o.2 V. 

The above operation is of NOR gate. 

Titus V 0H = V cc = 3.6V and V 0L = 0.2V. 


same base current will allow same 
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Problem : 

match exactly transis,ors sbould bc identical. But it is not possible. It won't 

j < , ", " , 8 ' r ‘ 3b (b) - as »> «"* V BE . base current or each transistor will bc different 

current. ^SL Q ’n ZIlZT ^ "'° K CU ™" """ Q ' a " d Q - Q > **** "« h “ r «* 

, ' 101 gct mucb base current thus overall circuit performance mav affect. This 

P omena is called current hogging. 

Advantages : 

(0 Simplest 

(2) Cheap. 

Disadvantages : 

(1) Poor noise margin 

(2) Low logic swing, typical 0.7V. 


13.4.2 Resistor Transistor Logic (RTL) : 


PTL was popular form of logic. 

As name indicates, we use resistors 
to adjust base current of transistor 
and will remove current hogging 
phenomena of DCTL. The circuit for 
simple RTL NOR gate is shown in 
Fig. 13.16. 

(1) Transistor Q„ Q 2 and Q 3 
are used in parallel configuration. 

(2) A. B and C are inputs of 
transistor Q,, Q 2 and Q 3 i.e. inputs 

of gate. 

(3) Load resistance R c is common. 

(4) Output taken from collector of transistors. 

(5) Inputs A, B and C are through base resistor R t , R 2 and R 3 . 

Working : 

(!) When A = B = C = 0, Qj, Q, and Q 3 transistors are OFF. .-. V Q = V cc = logic 1. 

(2) When either of the input A, B or C or all inputs are high, one of the transistor or all transistor 
gets saturated and V 0 = V CE (Sat) = 0.2V. 

(3) Thus V 0H = 3.6 V and V 0L = 0.2 V. 

(4) Supply voltage typically 3.6 V. 

Advantages : 

(1) Cheap 

(2) Simplest. 

Disadvantages : 

(1) Poor noise margin. 

(2) Poor fanout capability (typically 5). . 

(3) Low speed (Relatively fast when t pd = 12 nsec, compared with other saturated logic families). 

(4) High power dissipation 16 mw. 

(5) Smalllogicswing.lV. 
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13.4.3 Resistor Capacitor Transistor Logic (RCTL) : 

In RTL. switching speed can be 
improved by adding capacitor in 
parallel with base resistance as 
shown in Fig. 13.17. This variation 
is called RCTL. 

(1) Working is same as RTL 
and DCTL. 

(2) When input transition is 
from 0 — > l (rising edge), 
capacitor will by pass 
resistance so that transistor 
input capacitance charges 
more quickly. 

( ) When input transition is from 1 — > 0 (falling edge), capacitor will bv pass resistance. So internal 
capacitor discharges faster. 

The use of capacitor allows higher value of resistors. Therefore power dissipation can be reduced. 

Problem : 



Front the fabrication point of view, the circuit is not ideal, because it includes high proportions of 
resistor and capacitors. Capacitors and high value resistors are relatively expensive in monolithic IC form 
because of large area requirement. 


13.4.4 Diode Transistor Logic (DTL) : 


DTL was developed to increase logic swing, so that noise immunity can be increased. The following 
circuit shows simple AND gate using diode. 



Fig. 13.18(a) : AND gate 


AND gate Truth Table 


A 

B 

V 0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 


(b) Truth table 


Working : 

(1) When A = B = 1, diodes D, and D, are reverse biased, therefore acts as open switch. 


•*. V 0 = V CC = Logic 1. 

(2) When A = B = 0 or either of the inputs A or B is 'O', diodes D, and D : will get forward biased. 
.*. Potential at X point is V x = V F = 0.7V /. V 0 = V x = 0.7V« logic O'. 


Circuit is simple AND gate. 
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AND gate Truth Table 


A 

B 

V (( 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 


Working : 


(b) Truth table 


( 1 ) 


( 5 ) 


therefore D, and D 2 will get 


( 2 ) 


( 3 ) 


( 4 ) 


A = B = 0 

forward biased, therefore potential at X is 0.7V 
i.e. V x = V F = 0.7 V. To drive transistor Q, 
in conduction we require 1 .4 V (diode D 3 drop 
+ Base to emitter junction drop of Q,), 
therefore Q, is cutoff and Output V o = V cc = 

logic 1. 

When either A or B is equal to 0, either D, or 
D t will conduct. 


V x = 


V c = 0.7V. 



Therefore transistor is cutoff giving V 0 = V cc = logic 1. 

When A = B = 1, diodes D, and D 2 are reverse biased. Base current to transistor Q, will flow 
through V cc , R d , D, and base of transistor Q, Transistor Q, is in saturation and provides V 0 = 
V „ , = 0 2 V when transistor conducts circuit can be shown as follows : 

CE (sat) 

Use of diode D 3 . 

Consider diode D 3 is not present. Refer point 1 and 2, when D, , D 2 both or either of the diode 
conducts. V x = 0.7. Therefore this voltage may be sufficient to drive transistor Q, and circuit 

will malfunction. Therefore D 3 is used. Now we will require 1.4V to drive Q, in saturation. 

V rr 

Use of R n . 

Normally there is capacitance at 
base and emitter junction, it 
stores the charge. Assume that 
initially transistor Qj is in 

When A = B = 0 
V x = 0.7 

therefore transistor Q] will to to 
come out of saturation. It is 
obvious that internal capacitor 
would like to discharge stored 
charge. If R B is not present, 

then capacitor won't get path to 


saturation. 

input is given, > x 
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discharge because diode D, is reverse biased. Therefore i( will lake more limc"ioM^f!r7 
saiunmon. Hear R„ pros ides leakage pall, Tor internal capacitor to get discharge 

m 7T:° iS '"''7r , '"' d 10 SCI rnsl discharsc sligl " raodmenUon is done in DTL gate 

mmdL .''a f0r . ,n0rc " 0isC imnranil >- ® diode is added more voltage at point X will be 

required to dnvc transistor Q, i„ saturation. 

v x should be > V_ + V + V 

d 3 F Dj * * * * V BE(QD- 

gotNC supph V BB at base will provide fast discharge path for internal capacitor to get 

base oHrandcf 0111 n? ncgativc volta gc across base will built fast depletion region inside 

base of transistor Q,. so Q, cutoff at fast rate. 

odified DTL gate, is most widely used form of DTL gate available in IC form. Refer Fig. 13.20. 
Two changes have been implemented. 


5 is replaced b\ emitter follower circuit (transistor Q ; ). Purpose of providing Q-, is extra 

™ 0n currcn t for Q,. there by increasing fanout capability and also switching speed. Base current 
o Q, is amplified by hf e of Q 2 times. Thus driving current for Q, increased. 

returned to ground, instead of negative sup ply . 

This is done for single power supply operation. Minimum voltage at point Y required to drive Q, in 
saturation is. 

V y = V BE2 + V F + V BE1 = 0.7 + 0.7 + 0.7 = 2.1V (1) 



Features : 

(1) DTL circuit switches faster then RTL circuit, because signal passes through low forward 
resistance of diodes to the transistor. Typical delay is 25 r| see. 

(2) Fan out. as high as 8 is possible because of high input impedance of the subsequent gates in 
logic 1 state. 

Use of diodes rather than resistors and capacitors makes the DTL circuit more economical in IC form. 
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13.4.5 High Threshold Logic Gate (HTL) : 

family having vcn^ph'n ' . n0tS ^ lhc abovc lo ^ ic fami,ics win not work satisfactorily. Wc require logic 

4 .3.2^r“^L" ica,cs HTL ra,nilv uscs s,,ppiy ^ ,s v ^ 



Working : 


(1) When A - B - 0, diodes D,, D 2 gets forward biased, therefore potential at point Y with respect 
to ground is V Y = V F = 0.7V. This voltage is not sufficient to forward biased transistor Q, and 
breakdown zener, therefore Qj is OFF providing V Q = 15 V (logic 1). 

(2) When either of the input A or B is 0, V Y = 0.7V, Q, = OFF. Voltage at point Y require to 
forward biased Q 2 , Q, and breakdown zener requires 

V Y — V BE2 + V t + Vg E] = 0.7 + 6.8 + 0.7 = 8.2 V ...(2). 

(zener breakdown voltage = 6.8 V). 

Therefore minimum voltage at A and B input required is 

^a/b ~ V Y - V FD1/D2 = 8.2 - 0.7 = 7.5 V ...0) 

Compare Equations (1) and (2) the difference is 6.1, therefore obviously noise immunity is more 
in case of HTL. 

(3) When A = B = 1 = high logic = 15 V. D, and D : will get reverse biased and Q 2 will be ON, 
breaking zener and switching on Q, . Therefore V 0 = V CE(wl) . 


Advantages Over DTL : 

(1) Higher noise immunity. 

(2) INPUT - OUTPUT cliaractcristic is independent of temperature variable. 

Disadvantages : 


( 1 ) 

- ? -r 


Slow speed because as supply increased resistor values were increased, therefore stray and device 
capacitance need charge / discliargc through resistance, thus increasing time constant. 


v 


f*T 


TT 


IfTT' 
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T ransist or — Tra nsistor Logic (TTL) (T 2 L Logic Familyjj 


Problem in DTL : 

In Dll., when transislor Q, was coming out of saturation, diode D, becomes reverse biased and 
internal stored charge discharges through R n This is slow process of discharging. DTL. is having speed 
limitation lo increase the speed. DTL has been modified Modification is diodes D,. D, and D arc 
replaced by multi emitter transistor 


If hat is multiemitter transistor ? 

I ig. 13.24 shows multi-emitter transistor. 


7 


Base 



Emitter Collector 

(a) Symbol 


Base 



Emitter 


Collector 

(b) Lateral geometry of multi emitter transistor 
Fig. 13.24 


For the fabrication of multi-emitter transistor, single isolated collector region is diffused, a single base ^ 
region is diffused and formed in the collector region. The several emitter regions arc diffused as separate 
areas in the base region. 


1 


k 


Why one should use multi emitter configuration ? 
The answer is 


( 1 ) Saving in silicon area and onward package density i.e. no. of gates w ill be more for given space. 

(2) The switcliing speed is improved because transistor at the input speeds up process of coming out 
of saturation, of transistor Q,. 

Multi-emitter transistor operates in two modes. 

(1) Normal (2) Inverse. 

In normal mode; emitter, base and collector functions as emitter, base and collector only. But in 
inv erse mode emitter acts as collector and collector acts as emitter. For more detail let's see basic TTL 
NAND gale. 

As shown in Fig. 13.25. diodes D,, D ; and D 3 are replaced by multi emitter transistor The circuit is 
still modified further by removing R B . This resistance is now not necessary because discharge will bc^ 
provided by Q 2 i.e. multi emitter transistor. Secondly diode D 4 is also removed. The diode was introduced 

to increase noise immunity'. 
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Fig. 13.25 

Therefore final circuit is as shown in Fig. 13.26 



Fig. 13.26 : TTL NAND gate 


Working : 

(1) When A = B = 1, Q-, will be OFF. In this case multi emitter transistor Q 2 act in Inverse mode 
i.e. collector acts as emitter and emitter acts as collector. Therefore Q, gets base drive from V cc , 
R and forward biased collector junction (collector acts as emitter) to the base. Q, is ON. Q, is 

now in saturation. V 0 = V CE(sat) s 0.2V (logic 0). 

(2) When A = B = 0 or acts either of the tenninal is at logic 0 (0.2V) potential, Q, will be forward 
biased. In this, transistor Q 2 acting in Normal mode. Current will be flowing through V cc R, 
forward biased base emitter junction (Be,, Be 2 ) to ground. Therefore V BE ,= 0.7V. Ground 


PotcnUaf at' base = ' 0.7 + 0.2V = 0.9V. To forward biased Q, we require voltage 0.7 (base to 

collector junction) + 0.7 (V BEI (Q,)) = MV. .-. IransistorQ, comes out of saturation and it will be OFF. 
How stored charge of O j g^ts discharged • 

The stored cltarge in Q, will leaks off through collector of transistor Q, to ground. As ON resistance 
of transports very tow discharge is ve 0 ' fast. Therefore Q, comes out of saturation vety fast. Dwcharge 
path is shown by dotted arrow in Fig. 13.26. In comparison with DTL, TTL is ten tunes faster. 
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13.5.1 Totem Pole Output Stage or Active Pull-up : 

Problem in TTL Circuit : 


Log ic Families 


the same for TTL* slate ,mpcdancc of any clcctronic circuit should be as low as possible. Now let’s analyze 

side Is^ven^n .? 26 (b) ' Whcn Q > ls 0N ,c - V o = 0 ,evcl = V CE (satX impedance looking into the output 

But if 0 "is 'oFF >X v/ wbcn out P u * ’ s al LOW level impedance is low. 

rcskim™ rj ' v, ,!' C ' 0 = Iogic out P ut impedance looking into the network is equal to load 

resistance R c . Normally R r is in k Q. 


■ . ^° rC 0lIt P ut hnpcdance is high, when V 0 - logic 1. Therefore charging time of external stray and 

Sol m in°n n n? P K CUanCC i ncrcases ’ thus speed of operation is affected, 

dissimtio 9 3 !' C Pr ° .^ Cm * S ° nC can re d' jce ^ ut dien current I c will increase, increasing power 

. cc on \ Q 1 ill go into hard saturation, so coining out of saturation will take more time 
second nrnhlpm nf n 1 . 



I 


DRIVER GATE 


LOAD GATE 


Fig. 13.27(b) 


Fig. 13.27 (a) shows one NAND gate drives another. Output driver gate connected to input of load 
gate. Equivalent circuit is shown in Fig. 13.27 (b). 

When A = B = 0, of driver gate, Q 2 ' works in normal mode, therefore Q,' = OFF and produces HIGH 
output. V 0 ' = High and it is given to input of load gate. 

Therefore Q 2 works in inverse mode (i.e. emitter as collector and collector as emitter). In this mode 
gain is high, therefore Q 2 will fetch current from V cc , R c ', e,/e 2 and collector of Q 2 to base of Q,. (Current 
I path is shown by dotted line Fig. 13.27 (a)). As current drawn is more, drop across R c ' will be more, 
therefore V 0 ' of driver gate with respect to ground reduce i.e. instead of V o ' = V cc , it will be lesser than 
V cc and therefore noise immunity decreases. 

So to reduce output impedance, best solution is to use emitter follower circuit. The basic characteristic 
of emitter follower is output impedance is very low. The output stage using emitter follower is called 
totem pole output stage or Active pull up stage. The circuit of totem pole output stage is shown in 
Fig. 13.28. 


1 


\m\ % 




\\ \ V •• U ■ V? V ■ \ ' ' IWffTil 
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Q 4 is multi-emitter transistor. Q,, Q 2 , diode D and R 4 fonns output stage. 

Working : 


(1) When A - B - 0 or either of the terminal is 'O' , Q 4 is ON. Q 4 works in normal mode. Therefore 
transistor Q 3 is OFF. Therefore V Y = 0 and V x = V cc . Therefore Q-, is OFF. As the potential at 
X point is VCC it will drive Q, ON. The output is taken from emitter of Q, after diode. 
Therefore impedance is low. 

Vo = V CC -V BE ^-V F 
V 0 = 5 - 0.7 -0.7 = 3.6 V 

How the circuit will look like when Q 0 is off is shown in Fig. 13.29. 
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(2) When A B 1 transistor Q 4 will work in Inverse mode. Therefore Q, conducts as it will receive 

base dri\c from Q 4 . As Q 3 is ON. Q, will also be ON. 'cause at point Y sufficient voltage will be 
produced. 


V y = 0.7 V. 

v x = V ce 3 + V v = V CE + V Y = 0.2 + 0.7 = 0.9 V. 7 

' ^ (Sst) 

But to switch on transistor Q, we require V x = V BF1 + V F = 0.7 + 0.7 = 1.4 V. 

But V x is 0.9V, therefore Q, and diode D is Cut-off. V o = V rF = 0.2 V = logic. The circuit 

... , 2 (Sat) 

will be as shown in Fig. 13.30. 


v cc 



Fig. 13.30 

If you look into output network, impedance will be low i.e. impedance of ON transistor Q, (8 to 
10 Q), therefore at LOW output impedance is also low. 

So from point 1 and 2, we conclude that irrespective of output level impedance is low. 

(3) Keep A and B floating : 

Floating means left open. When A = B = Float, emitter e, and e 2 will be open. Therefore current 
will not pass through emitter, means Q 4 will operate in inverse mode (collector base junction gets 
forward biased.) 

As Q 4 is OFF, Q 3 is ON. Q 3 will produce sufficient potential at Y point so that Q 2 also 
conducts. /. V y = 0.7 V, V x = V CE + V Y = 0.9, not sufficient to drive Q t and diode D to 

3 (Sat) 

turn it on. 

V n = V rF = 0.2 V = logic 0. 

° CE 2(Sat) fa 

If you observe point (2) and (3), you will find the circuit behavior is same and output is alsoy 

same. 

Conclusion ; Floating input terminal(s) in TTL is treated as HIGHJevd input. 

It is specifically mentioned input terrain a I (s), it doesn't mean that you should keep V cc terminal 

floating and expect circuit should function. Sorry, it won't work. 

Looking (o totem pole circuit you may ask why R 4 and D is connected. What is the function of R 4 

and D. To understand function, let’s sec operation without these components. 

n-T ' to ~ stvi' . i 
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I Function of Diode D~| 


Ihcreforc'fw' 0 7 " i " p0in ' (2) <3) of P rcvi °" s <liscussion. when A = B = 1 or Hon,. Q. is OFF 

n.e rc roa Q, conducts forcing Q ; conduct. As Q, conducts. V x = V CE + V v - 0.2 + 0.7 = 0 9 

output staEco'^^n^ °i 001 prCSCnt Tllcrcforc v x = 0 y - «s sufficient voltage to drive Q, ON. So at 

circuit and 1C u* n * concIuct and 111 that ir r j is also not present then it will be simply short 

drive O* and dirJ n^-ri ama ® C ‘ T * lcrc f° rc diode D is introduced, so V x = 0.9. will not be sufficient to 
am c o, and diode D. Therefore Q, and D arc cutoff. 

The circuit condition without D and R 4 is shown in Fig. 13.31. 



Fig. 13.31 

Function of Resistor R 4 


Remember basic point that even though all transistors are fabricated at same time, one cannot 
guarantee about cliaracteristics of transistor that it will be identical. 

So let's consider Q 2 is slow and Q, is fast. 

When input to A = B = 1 transistor OFF operates in inverse mode, Q 3 is ON and therefore Q, is 
ON. Q. is OFF. Now let's say inputs are changed from 1 to 0. Therefore A = B = 0. As inputs are 0. Q 2 
will trv to come out of saturation and Q, will try to go into saturation. As Q, is faster it will saturate fast. 
But as Q. is slow it will Lake sometime to come out of saturation, therefore for sometime Q 5 and Q, both 
are ON. This may force large current and damage transistor Q 2 and Q 3 , therefore as a current limit R 4 is 

introduced. 

Secondly R 4 provides current limit if output is grounded accidentally. 


13.5.2 Transfer Characteristic of TTL Gate : 

Transfer characteristic give us relationship between input given and output appeared. It shows valid 
region for operating TTL gates. Fig. 13.32 shows x' fer (Transfer) characteristic. 
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Refer both the figures for explanation 

(I) V,<V a : 


Logic Families 


^ ^ l< ^ a trans istor Q 2 and Q, arc turned off. This causes transistor Q,to conduct and output is 
logic 1. 1 


V o = V 0H = V CC -V BE1 -V f = 5 -0.7-0.7 = 3.6V. 

(2) V 1 >V c: 

Transistor Q 2 and Q 3 conducts. Q, is OFF and output is at logic 0. Output logic 0 is determined by 
saturation resistance of Q 2 and current sink. 

(3) V <V T <y c ; 

This region is transition region. At point a in Fig. 13.32(a). Q 4 base current is gradually diverted from 
emitter of Q 4 to collector of Q 4 . This conduction occurs at approx. 0.7 V. Q 3 is now operating in 
linear region with gain from input to collector determined by R, /R 3 . As Q, is ON the output follows 
characteristic of Q, and therefore decreases at slope of 1.6 (at a to b). At point b. input is high enough 
to cause Q 2 to conduct, therefore gain of Q 3 increases hence steep slope region between points b and c. 
Qe turns off at point C and output is at logic 0. 





t 


(a) Transfer characteristic 


(b) Circuit diagram 


Fig. 13.32 

13.5.3 Current Sink and Source in TTL : 

To understand current sink and source let's connect load NAND gate to driver NAND gate. 

Current Sink : 

Fig 13.33 shows output of driver gate connected toload gate. Inputs to driver gate arc A = B = 1 (not 
shown), therefore Q 3 and Q 2 are ON, Q, and diode D are OFF, thus produce LOW logic at the output 

Because of LOW logic input to load gate Q 4 load gate works in normal mode and current flows from 
Yc C , R, (load gate), lias emitter junction (load gate) to link and to Q 2 (driver gate). So with respect to 
driver current, entering into output terminal, therefore current is called sink current. Driver gate ’sinks’ 
current from load gate. 
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Current Source : 




Fig. 13.34 

When input A = B = 0 to driver gate input, Q 3 (driver gate) is OFF therefore Q 2 (driver gate) is also 
OFF. V x = V cc , therefore drives Q, and diode D in ON state. Thus V 0 of driver gate is at logic 1. 

As input to load gate is logic 1, Q 4 works in inverse mode. The flow of current (1 source) is from 
V , R 4 (driver gate), Q, (driver gate), diode d (driver gate) to c,c 2 (load gate). With respect to driver gale 
' currents flowing out of die output terminal, therefore it is called source current. Driver gate sourcing load 

gate. 

13.5.4 Clamping Diode : 


Fig. 13.35 shows clamp diode connected to emitters of transistor Q 4 . 
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Working : 

Case I : Al normal HIGH or LOW level inpuls-A and B, diodes C, and C 2 are reverse biased and 
will not be in picture. 

Problem : But when transition occurs (transition is made up of high frequency harmonic components), any 
inductance associated with load causes ringing (high frequency oscillations) as shown in Fig. 13.36. 

v cc~ 1 
GND-0 

(a) Expected wave (b) Wave with ringing 

Fig. 13.36 



Case II : When ringing is on positive side voltage is greater than 5. More positive voltage will reverse 

bias emitter base junction of input transistor Q 4 . Base resistance R, limits the current and 

thus protects input circuit. 

Case III : But when ringing is on negative side, going below ground level, emitter of Q 4 is pulled more 
negative, this will forward bias Q 4 more, therefore it goes into hard saturation. This will lead 

undesired voltage spike at other node and can damage the chip, .*. diodes (clamp) at the input *. 

'clamps’ (cuts) the ringing pulses and limits to maximum - 0.7V on negative side. 
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13.5.5 Maximum Characteristic foTstandard TTL at T A = 25”c7 


Logic Families 


Sr.No. 

Parameter 

Typical values 

(1) 

^OH ^OL 

3. 5/0. 2 V 

(2) 

II 

1.5/0.5V 

(3) 

nm h /nm l 

2/0. 3 V 

(4) 

Logic swing 

3.3V 

(5) 

Supply 

+5V 

(6) 

Fan-out 

10 

(7) 


10 nscc 

_ (8) 

P.D. 

10 mw 


Table 3 


13.6 TTL Families ; 


i, ' tr0ducli0n of ,hc first bi P° lar TTL family, system designers have wanted more speed, less 
11,77 3 Combinalion ° r 1 l| K tw ° attributes. With this, there were many development in the 
.1 manu aclurtng technologies. Circuit design techniques were also advanced. These all 
development led to new subfamilies of TTL. 

Presently following bipolar families are available. 

( 1 ) TTL DM 54/DM 74. 

(2) Low power TTL DM 54 L 

(3) Low power Schottky DM 54 LS/DM 74 LS 

(4) Advanced low power Schottky DM 54 ALS/ DM 74 ALS 

(5) Schottky DM 54 S / DM 74 S 

(6) Advanced Schottky DM 54 AS/DM 74 AS 

(7) Fast DM 54 F/ DM 74 F. 


Note : 54 series is for military grade 

74 series is for commercial industrial grade. 


The main difference between two series is temperature range and power supply fluctuation. 
Temperature range for military /Aerospace 5-1 series is - 55° C to + 125 0 C 
Temperature range for commercial /industrial 74 series is 0° C to 70° C. 

Power supply fluctuation valid for 54 series is 10%. 

Power supply fluctuation valid for 74 series is 5 % 

13.6.1 TTL Logic (DM 54/DM 74) : 

We have studied about the TTL logic just now. It was first saturated logic integrated circuit. It offers 
combination of speed, power consumption, output sources and sink capabilities. The basic gate features 
multi - emitter configuration for fast switcliing speed, active pullup output to provide low driving source 
impedance wliich also improves noise margin and device speed. Typical power dissipation is 10 mw per 
gate and typical propagation delay 10 r)sec. When driving 10 PF/400D load. 


-r r 




r^- 
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^s'.hnn'T/Io <rf'mtmilv arc ***** * P ° (P °' vcr d,SS,pa ' ion) “ 

(2) Speed is sacrificed m Ihc cost of power. t fJ increased three fold. 

Typical p n — i 

1 u - - I imv per gate. 


* P a ~ 33 n see. 


13.6.3 High Speed TTL : 


of TTL. we can 'rW rcas * n ^ ^ lc P°"cr dissipation will increase the speed. To improve transient response 
development of high Tpeed ^L ( HTTL)' U ° S ^ inCrCaSC P ° WCr dissipalioa T,lis thinkin S Prompted the 

inci™.^:: 111 find U r at ‘ n addition t0 decreased resistances, the output high driver section 
capacitance * ^ P ° ir C ° n lguration - to this more current will be sourced for charging load 


> 


13.7 SchottkvTTI ; 

A Scholtky -barrier diode (SBD) is a metal semiconductor (usually MN) rectifying junction. 

13.7.1 Schottky-Clamped BJT : 

As shown, SBD is connected between base and 
collector of a BJT. SBD is incoq)oratcd as a clamp to 
divert excess base current and to prevent transistor from 
reaching deep saturation. The advantage of the 
decreased switching time of the SBJT is essentially 
accomplished with no additional fabrication. The only 
difference between the SBJT and the regular BJT is 
that, the base region metal contact is extended to 
overlap part of the collector N-region. Hence, the MN 
junction appearing between the base and collector 
terminals is simply the base metal in contact with 
collector N-region. 

The schotlky gate input and internal circuit resembles saturated standard TTL gate except resistor 
values are half of TTL value. Output has darlington pair for pull up. as shown in Fig. 13.38. 

Typical P.D. = 20 nnv per gate. 

t pd = Three times as first as TTL, 3 x\ see with load 15 PF/ 280 Q. 

V m = 2.0 V V tt = 0.8 V 

V 0H = 2.7 V V 0L = 0.5 V 

Note that all the BJTs except Q 5 , are SBJTs. Input clamp diodes are replaced by SBDs. Diode D in 
tolempole stage has been replaced by Q y Transistor Q A and Q 5 make up a darlington pair operating as an 
emitter follower. This arrangement provides more source current to charge the load capacitance when the 
driver output is switched LOW-to-HIGH, thus reducing the transition time. 

fTKTJTi \ 
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(b) Symbol for 
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Digital 



F'fr 13.38 : Schottky TTL 74S00 series NAND gate 

13.7.2 Low Power STTL (LSTTL) : 

Power dissipation of STTL was twice that of standard TTL. This problem prompted the development 
of Low power STTL. 

Large Resistors : 

LSTTL resistor values arc approximately ten times of STTL values. This leads to 1/10 of current and 
approximately 1/10 of power dissipation ; compared to TTL. However, fan-out is reduced and propagtion 
delay time is increased. 

Diode Input Section : 

Main intention behind using multiemitter input transistor was to aid in stored charge removal from the 
base of Qj. Since the SJBTs being utilized do not saturate, this is no longer necessary. Thus returning 

back to a Schottky diode input. 

Advantage of using diode is : 

The Schottky input diodes require about 1/3 of the Silicon surface area of multicmittcr resistor. This 
reduces input parasitic capacitance. 

13.7.3 Advanced LSTTL (ALSTTL) : 

Descriptions : The advanced low power schottky family is one of the most advanced TTL family. It 
delivers twice the data handling efficiency and still provides upto 50% reduction in power consumption 
compared to LS family. This is possible because of new process where components arc isolated by a 
selectively grow n thick oxide layer rather titan N junction used in conventional process, the refined process, 
coupled w ith improved circuit design technique yields smaller component geometry ’s, shallower diffusion 
and lower junction capacitance. This enables device to have increased f T in excess of 5 GHz sw itching speed 



it 1 i 

Scanned by CamScanner 


: — 13=28 Logic Fam.lies 

b> factor ot n\o, while oftcring much lower operating currents. But at the same time ALS devices arc more 

succptiblc to damage from electrostatic discharges. Additional protection via base emitter shorted transistor 
is included at the input for rapid discharge of high voltage static electricity. 

Inputs and outputs arc clamped to suppress excessive ringing. A buried hF guard ring around all 
inputs and output structure prevents crosstalk. 

13.7.4 Fairchild Advanced Schottky TTL (Fast) : 

FAST (Fairchild advanced schottky TTL) circuits are made with the advanced isoplanar II process, 

" hich P r0( 1 uccs transistors with very high, well controlled switching speeds. e v, ’‘.n‘.cly small parasitic 
capacitance s, and f T in excess of 5 MHz. 

In the isoplanar process, components are isolated by a selectively grown thick oxide rather than p' 
isolation region used in the planar process. Since the oxide needs no separation from the base - collector 
regions, component and chip sizes are substantially reduced. The base and emitter ends terminate in the 
oxide wall ; masks can thus overlap device area into isolation oxide. This overlap feature eliminates 
extremely close tolerances normally required for base and emitter marking. 

13.7.5 Advanced Schottky TTL (ASTTL) : 

The final and most complex TTL logic family is ASTTL. This was introduced to meet need of 
systems designer who requires ultimate speed. 

1 3.8 Comparison of TTL Families : 


We have studied subfamilies of TTL. Let's compare all the families. 


Table 4 : Typical TTL series characteristics 



74 

74S 

74LS 

74 AS 

74 ALS 

74F 

Performance ratings : 







Propagation delay (ns) 

9 

■*> 

9.5 

1.7 

4 

3 

Power dissipation (mW) 

10 

20 

2 

8 

1.2 

6 

Speed-power product (pJ) 

90 

60 

19 

13.6 

4.8 

18 

Ma\.clock rate (MHz) 

35 

125 

45 

200 

70 

100 

Fan-out (same series) 

10 

20 

20 

40 

20 

33 ! 

Voltage parameters : 







V OH (min) 

2.4 

2.7 

2.7 

2.5 

2.5 

2.5 

\r 

0.4 

0.5 

0.5 

0.5 

0.4 

0.5 

v OL (max) 



\r 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

V IH (min) 



Vjt (mav\ 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

j Jy ( IIIUA ) . — 

Current parameters : 







^OH (min) mA 

-0.4 

- 1 

-0.4 

_ 7 

A# 

-0.4 

- 1 

l0L(min) mA 

16 

20 

8 

20 

8 

20 { 

% (max) F A 

40 

50 

20 

20 

20 

20 | 

^IL (max) mA 

- 1.6 

-2 

-0.4 

-0.5 

-0.1 

-0,6 | 
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provides 0^,7'°" ° f COmp ' 1ri "8 logic families is by using I heir speed power producl. Fig. 13.39 

proxiacs graphical representation of the same. ' 



Fig. 13.39 : Speed power product comparison 

Each of the logic families is a compromise between speed and power consumption the speed / power 
product is approximately a constant, a decrease in the power consumption must be trade off in slowing 
dow n the device and vice-versa. The same is depicted graphically as follows : 


Speed 

Fastest AS/F 

A S 

ALS 

LS 

TTL 

L 

Slowest 


Power Consumption 
Low L 

ALS 

LS 

F 

AS 

TTL 

High s 


Ex. 1 : Calcualte high level noise margin and low level noise margin for all TTL series. 


Soln. : High level noise margin = V NH = V 0H (inin) - V 1H (min) 

Low level noise margin = V NL = V 1L (max) - V 0L (max) 

Table 5 


Parameter 

74 

74 S 

74LS 

74AS 

74ALS 

74F 

v NH 

0.4 

0.7 

0.7 

0.5 

0.5 

0.5 

V NL 

0.4 

0.3 

0.3 

0.3 

0.4 

* 0.3 


Ex. 2 : Calculate FAN-OUT capability of the different TTL series. Note that driver gate and driven 
gate (load gate) are from that family only ; 

Soln. : If the driver and load gate are from the same family we liave two equations 

Fan-out (LOW) = 

*IL (max) 

Fan-out (HIGH) = “ “ 

Mil (max) 
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Parameter 

74 

74. S 

■ nun u 

74 LS 

74AS 

74 ALS 

74F 

Fan-out (LOW) 

10 

10 

20 

40 

80 

=33 

Fan-out (HIGH) 

10 

20 

20 

100 

20 

50 


many /4S gates will be driven by gate of 74ALS ? 


Ex. 3 How 

t'vo standard SpCC,r,cally asks for surfacin g two different logic families. If Jus is the case. Follow 

P the I/u for all inputs connected to an output. The sunt must he less than the 
output s I QIf specification. 

Add up the l u for all inputs connected to an output. This sum must be less than the 
output's l OL specification. 


For our case, wc have all 74S gates. 


fan-out (HIGH) = 1 q h ( >nin > ° f 74 ALS 

(max) °f 74 S 


0.4 mA 400 
50 


50 jiA 
= 20 


fan-out (LOW) = ^ L(min ) of74 ALS 

!lL (max) Of 74S 


8 mA 
2 mA 


= 4 


Final fan-out is 4. 

1 3.9 Important Points while Handling TTL : 


Wliile working with TTL family, you have to consider few practical aspects. Let’s make this session, 

question-answ er type. 

Q.l If input terminal is left unconnected what will happen ? 

Ans. : If in TTL circuit input is left unconnected or open, it acts like a logical 1 applied to that input 
Reason is. emitter-base junction or diode at the input will not be forward-biased, when you apply 
logical I or you keep terminal floating or open. 

Q.2 What about unused inputs of TTL gate ? 

Ans. : Many times it may Iiappen that, we will not require all the input terminals of the gate For 
example, for 4 input AND gate, we may use only 3 inputs. Fourth we don't require. In such case 
you have following options 

/. Either keep that terminal fioating (Xorrmally this option is not most widely used). 


\ 


ft 
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Fig. 13.40 (a) : Connected to proper 
•ogic-level 


Fig. 13.41 : Shared with any input terminal 


(Tied-together inputs) 

con^ontanuflwn r a ";, , | Cijle hV0 (0r " ,0rc) 1TL inpu,s °" U,C sanrc >0 form common inpm. The 
input fermcm j represent a load that is the sum of the load current rating of each individual 

<?•■? Do we come across problem of current transients in TTL logic ? 

Ans. : Yes. we do have problem of current transients in TTL due to TOTEM POLE structure. Refer 


Fig. 13.42. 


5 V 






*cc 


1 CCL 


▲ 

1 

L 



A 

■ - s5U to 50 mA 


v 

j 


l 

1 

1 

i 

*CCH 

— ► 


Fig. 13.42 : A large current spike is drawn from v cc when a totem-pole 
output switches from LOW to HIGH 


Operation : 

When output is switching from the LOW state to the HIGH state ; Q 3 changes state from OFF to ON 
and Q 4 from ON to OFF. Previously, Q 4 is in saturation condition, therefore it will take more time to 
change the state compared to Q 3 . Therefore, for a very short duration (typ 2 x\ sec) ; both the transistors arc 
ON and draws large current at time t,, from the power supply. The effect is more severe if load capacitance 
C is more. These spikes can cause serious malfunctions during switching transition. 
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caMciT 10 ir Sma " r ' ld,0 ' frcqllc " cy ' ca P ac 'lors connected from V cc to ground These 

m"clf ' ' 5 ? nrt t u,csc higl ' frcq " cncy spikcs - This is callcd Pow " ™rpiy 

IT in ^ ‘> plc al v.-ilue crfcnpacitor is 0. 1 to 0.001 M F disc (vdc. 

- 2i: ^-2!T!ENumbe^ Meanini 

DM 


54LS 00 


/883 


> M/I. - STD - 883/C 
Package outline 


I ~ Ceramic Dual in line package 
W = Ceramic Flat package 
E = Ceramic Lcadless chip Carrier package 
> Device number 
*■ Military device family 
*• Digital monolitiiic 


54LS 00 D M Q„ 

*■ M/L - STD - 883/C 

► Military 
Package outline 

► D = Ceramic Dual in line package 

F = Ceramic flat package 
L = Ceramic leadless chip carrier package 

► Device number 

► Military device family 


DM 74LS 241 N At 

^ ► Commercial bum in 

► Package 

N • Plastic 
M - SOLC 
J - Ceramic 

1 ► Device number 

• ► Commercial / Device faintly 

— ► Digital monolithic 


13.11 Open Collector : 

In this type of gates totem pole output stage is removed. Only transistor Q 2 is present and its collector^ 
is left open as shown in Fig. 13.43, 

Transistor O,, diode D and resistor is removed from the standard TTL circuit. Normally one 
should connect external resistance at collector. This resistance is callcd pull up resistance. 

Functionally it is same as TTL. 

+*» * % f HIT! IL. • f? -<\ \ • *1 t i*» , * 5 * =. .vi * 4 i if t 
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When A B 1, Q 4 works in inverse mode, therefore Q 3 is ON, therefore Q, is ON. Q-, is in 
saturation and pulls output voltage to ground. 

When A = B = 0 or either the input A or B is 0, Q 4 works in normal mode. Therefore Q 3 is OFF 
therefore Q 2 is OFF and acts as open circuit. 

Choice of pull up resistance depends upon choice of designer, but one should not cross I c(max ) of 
transistor Q 2 . Normally resistance value selected in the range of 1 kO to 5 kO for fanout of approx. 7. 


But if we want to calculate value of R, then we have to perform some calculation. Suppose this device 
is suppose to drive 5 TTL gates (Standard TTL) then what will be the value of R ? 

5 TTL load we have to drive, therefore fan-out = 5. 

fan-out = ~ 

ML 


I IL for standard TTL logic is 1.6 mAmp. 

fan-out = 


Now apply KVL 


5 = 

v cc = 

5-0.2 V 

8 mA 


I, 


OL 

IlL 


^OL 


1.6 mA 

> • • 

R ext x 

JoL + 

r ext = 

4.8 

8 mA 


I 0L = 8mA. 
0.2 V 
= 600 Q 


The disadvantages of open collector gate is their slow switching speed, because normally pull up 
resistance lias value in kfi, wliich results in relatively long time constant when it is multiplied by stray 
output capacitance. 

But the main advantage of open collector gate is for Wire ANDirtg. Before we discuss about wire 

ANDing, let's see current parameter for open collector gate. 

I CFX (output leakage current) : The current flowing into an open collector output when output is at 

logic high state. This test checks reverse breakdown of the output transistor. 
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13.12 WireANDina : 


It means licing output of gates 
logic and their associated delay, 
advantages such as : 


to obtain AND function. This should be used to decrease two levels of 
Here you may ask question that totem pole output has following 


(1) Low output impedance in both states. 

(2) Drives capacitive load. 

(3) Low noise susceptibility (high noise immunity). 
(L) Highspeed. 


Then why TTL is not preferred for wire ANDing ? Before coming to the 
ANDing in DTL gate. 


answer, let's first perform wire 




Fig. 13.44 : Wire ANDing using DTL gate 


Fig. 13.44, Wire ANDing using DTL gates. Output of gate 1 and gate 2, i.c., V 01 and V 02 is tied 
together to obtain V 0(finaI) 

Actually if we observe, by ticing output of DTL gate, output stage transistors Q, and Q,’ arc coming 
in parallel as shown in Fig. 13.45. 


1 
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to an AND gate. Just tiemg output together can give us output which is equal to truth table of AND 
evenlhough AND gate is not present is called wire ANDing. Therefore we are assuming that virtually AND 
gate is present and this is shown in Fig. 13.44 (dotted AND gate.) 

Now let’s tty to implement wire ANDing in TTL family gate. 

Let's analyse the working. 

When V 01 and V G2 are at 0 logic.transistor Q 2 and Q' 2 are ON. V 0(fmil) = 0. 

When V 01 = V 02 = 1, transistor Q 2 and Q 2 are OFF and transistor Q, and Qj conducts 


0(final ) 


= 1. Let’s consider V m = 1 and V 02 = 0. 


Therefore transistor Qj and diode D is conducting as V 01 = 1 

Transistor Q 2 conducts in gate 2 as V 02 = 0. Because of this, current I will flow from V c ^, ^ _ 

and Q 2 . This current I is large and it may damage the gate. If the gate is not damaged then output is 
unpredictable. Therefore this type of wire ANDing should be prohibited. 


K Q„D 


Remember : In TTL logic output should not be short. Otherwise gate may get damaged. 


But now in TTL if we have open collector output we can use wire ANDing function let's see the 
Fig. 13.47 for the same. 



7 


(a) Wire ANDing using open collector (b) Wire ANDing using logical symbol 

Fig. 13.47 

As shown in Fig. 13.47 (a), TTL NAND gate output is tied together with external pull up resistance. 

Choice of the resistance depends upon designer. . . „ . 

Observing diagram carefully we will come to know that transistor Q, and Q 2 are coming m parallel 
as shown in Fig. 13.48, like DTL gate. 
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Therefore workin g is sa me as what w e have seen in DTL. Thus provides wired ANDing as shown in 
"*■ ,,J ’* " v “- cd 



V 0 

FINAL 




13.13 Tri-state TTL Device : 



Fig. 13.49 
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Wc liavc seen that we cannot wire AND outputs of TTL gate, because this will lead us to high current 

0" in out P llt s(a 8 c an d 8 atc may destroy. This has led us to Tri-state (three state) TTL logic. Using 
tn state gates one can connect totem pole output directly without destroying any device. Basic reason 
c nnd not using open collector gate is the low speed. Fig. 13.49 shows circuit of tri-state inverter. 

Working : 

Case I : LOW disable input '? 

When disable = 0, Q 6 conducts and therefore Q 7 is OFF. As Q 7 is OFF. Q g is also OFF. This forces 
second emitter e 2 of Q, transistor and cathode of diode D to float 
(a) If A = 0 . 

As A = 0, transistor Q, works in normal mode, 

Therefore Q 2 is OFF, giving high logic at point X. VX = V cc - V BE3 - V BE4 = Logic 1. 


(b) 


A = 0 , Y = 1 


If A= 1 

Transistor Q, works in inverse mode, therefore Q 2 conducts. This forces potential at point Y 
sufficient to drive Q 5 transistor in saturation. Therefore V x = V Y + V CE2 (Slt) = 0.2 + 0.7 = 0.9V. 
This voltage is not sufficient to drive transistor Q 3 and in conduction. 

Therefore Q 3 = Q 4 = OFF. As Q 5 is in saturation. Output Y = 0. 


A = 1, Y = 0 


Case II : HIGH disable input. 

When disable = 1, Q 6 is OFF. This turns ON Q 7 . Q 7 in turn switches ON Q g , now Q g is in 
saturation. 

Therefore potential at X point is V x = V D + V£ E g (sat) as diode D is forward biased. 

V D = Forward drop of diode D 

V CE8 (Sat) = 0 2V 3S Qg is 0N - 

v x = 0.7 + 0.2 = 0.9V. This is not sufficient to drive Q 3 and Q*. 

Potential at V Y is also less, therefore Q 5 is also OFF. 

With Q 4 and Q 5 cutoff, the output Y is Floating. Therefore, impedance looking back into Y 
approaches infinite. This state is called as High Impedance or Hi - Z condition. 

This is also third state of TTL device. Therefore also called tri-state 


Disable = 1 , A = X, Y = Hi-Z 


Let’s summarize the result. 


Inputs 

Output 

Disable 

A 

Y 

0 

0 

1 

0 

1 

0 

1 

X 

Hi-Z 



(floating) 


A o- 




-oY 


Disable 


Fig. 13.50 


Table 7 

The symbol for the same is shown in Fig. 13.49(b). 

Disable terminal can be active low also. Symbol is as shown in Fig. 13.50. 

13.13.1 Tri-State Buffer : 

Buffer is a device used to increase driving capacity of gate. Boolean expression for output 
means whatever is die input that is the output. But with more output current. 


is Y = A. 
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Inputs 

Output 



Disable 

A 

Y 

a® r 

> oY 

0 

0 

1 


Ao 

0 

1 

0 

Disable 


1 

X 

Hi-Z 


Disable 

o 


B, 


-oB 




Fig. 13.51 (a) Fig. 13.51 (b) Fig. 13.51 (c) 

k u fFcr " c bavc seen just now is uni-dircctional buffer. We can also have bi-direction buffer. Bi- 
trectiona means data flow can be from cither of the direction depending upon disable pin status. 

As shown two tri-state buffers are connected parallely opposite. 

Working : 

(1) Disable - 0, B 1 buffer will be enable and B 2 is disabled so acts as open switch, therefore data flow is 
from A to B. Refer Fig. 13.52(a). 

(2) Disable = 1, B 2 buffer is enabled and B, is disabled, so B, acts a open switch, therefore data flow is 
from B to A. Refer Fig. 13.52(b). 


B. 


A 

o- 


► 

• IV « 

B 

Ao 1 

T — I 

A, 





I i 


Disable 

O i 

_ 

u 


-oB 


Fig. 13.52 (a) 


Application 


Fig. 13.52 (b) 
4 bit wide bus 


Register A 
Ag Ag A 1 Aq 


Disable 0 yV 


Register B 
Bg B 2 B 1 B 0 


Disable 
B 


Common bus 

Fig. 13.53 : Bus organised structure using tri-state buffer 
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rn s,alc buffers arc most widely used in computer or microprocessor based systcnuTi^iff^,? 151 

all this T I 8 ! ,n8 ’ C bUS (8 bit ° r 10 bk widc) for car| y in 8 da,a fron > one chip to other chip. OutpmsTr 
c ups are connected to a single bus only as shown in Fig. 13.53. 

(D Outputs A, A, A, A 0 of register A is connected to Bus through tri-state buffer. Outputs B. B 
B, B 0 of register B is also connected to same bus. ' : 

(-) Initially Disable, A = Disable B = 1 Therefore all buffers arc deactivated and acts as open switch, 
t hcrcforc no data is present on bus. 

(->) If we want output of register A. make disable A = 0 disable B = 1 . Therefore tri-state buffers of A 
register will be enabled and for B it will be disabled. Therefore contents A, A , A, A,, will appear 
on Bus. 


WC want 0llt P ut of register B, make disable A = 1 disable- B = 0. Therefore 
n “ statc buffers of B will get enabled and that of A arc disabled. Contents B, B, B, B„ will 
appear on bus. 

(5) Precaution should be taken that disable A and disable B should not be low at same time. 

The structure shown in Fig. 13.53 is called Bus organized structure. 

Current parameter for tri-state buffer. 

0) — High impedance statc output current : 

These tests guarantee that device will not excessively load a bus line when the device output is put 
into TRI - STATE mode. 

(2) I„7JI ( or • 


The current flowing out of an output terminal when output is in tri-state condition, and the outputs of 
other chip interfaced to buffer output, produces LOW output. 

@) l 0 /x (° r ^source) • 

The current flow ing out of an output terminal when output is in tri-state condition. And the outputs 
of other chip interfaced to buffer output, produces HIGH output. 


13.14 Emitter Coupled Logic (ECL) : 


In previously seen families majority was having drawback of slow speed. The basic reason was 
transistors arc driven into saturation, resulting more propagation delay. ECL gates arc having non 
saturating current switch. ECL is the fastest commercially available form of logic gate. 

Reasons for high speed : 

(1) Transistors are not driven into saturation, thus avoiding storage time delays, and by keeping the 
logic signal swings relatively small (about O.X V), thus reducing the time required to charge and 
discliargc load and parasitic capacitances. 

(2) Secondly in ECL, saturation is avoided by using BJT differential pair as a current sw itch. 
Presently there are two popular forms of ECL. (I) ECL 10 K. (2) ECL 1000 K. 
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The basic gate circuit of ECL 10 K family is as shown in Fig. 13.54 


(a). 


-k25l£^amilies 



-J-j-oY (OR) = V 01 


>Y (NOR) = V o2 


(a) Basic ECL gate 


(h) Symbol 


Fig. 13.54 

* 

ECL gate is having differential amplifier stage. Output of differential amplifier given to emitter 
follower circuit. This provides low output impedance and also buffering. Two outputs are taken V Q1 and 
Vq 2 matches with NOR and OR gate respectively. 

Working : 

(1) When either of the input A or B is high, Q, or Q 2 conducts and Q 3 is cutoff. Hence there is high level 
at X pt, which will drive Q 5 and output Y = 1. Therefore it is OR operation Y = A + B 

Correspondingly potential at w point will be low, therefore Q* will not conduct therefore output 

Y = 0. Therefore NOR operation Y = A + B 

(2) When A = B = 0, Q, Q 2 are cutoff and Q 3 conducts. Potential at x point is low, therefore Q 5 is OFF 
and therefore Y = 0. OR operation Y = A + B. 

Potential at point w is high, therefore Q* conducts and output Y = 1, NOR operation Y = A + B 

At the output stage we have emitter follower. 

Purpose of using emitter follower : 

(1) They shift the level of the output signals by one V BE drop. 

(2) It provides low output impedance and with the large output currents required for charging load 
capacitances. 

OR Transfer Curve : 

Fig. 13.55 shows OR transfer characteristic. 
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NOR Transfer Curve : 



ECL 10 K series is slightly slower; it features. 

- Gate propagation delay of 2 ns. 

- Power dissipation 25 mw for delay - power product of 50 pJ. 

- Easier to use, because rise and fall times of the pulse arc made longer, thus reducing signal coupling 
and crosstalk, between adjacent signal lines. 

- Speed is of 3.5 n sec. 
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- Gate delay of 0.75 n sec. 

- Power dissipation 40 mw/gate. for delay-power product of 30 pj 

- Speed is of 1 n see. 

Specifications : 


’ 00 at 25 C followin g are toe worst case values for V^, V IH , V 0L and V 0H . 

V, 


' il (max) - - 1.475 V V IH(m , n) = - U05 V 


ol (max) " - 1-630 V V OH (max) = - 0.980 V 


NM L = 0.155 V 


oh (max) 

NM h = 0.125 V 


Fan Out : 


Output resistance of ECL gate is very small. DC from out is as high as 90 and ac fanout is limited 
to 10. 

Power Dissipation : 


Supply current and gate power dissipation of unterminated ECL remain relatively constant independent 
of logic state of the gate. Therefore there are no voltage spikes introduced on the supply line. 

___ Table 8 


Families 

Propagation delay 
(ns) 

Power Per gate 
(mw) 

Speed-power 
Product (pJ) 

ME CL 10 K H 

1 

25 

25 

MECL / 10100, 10500 series 

2 

25 

50 

10 K \ 10200, 10600 series 

1.5 

25 

37 

MECL VI 

1 

60 

60 

AS TTL 

1.7 

8 

13.6 

ALSTTL 

4 

1.2 

4.8 

HCMOS 

8 

0.17 

1.4 


The input impedance of circuit is very high, because of differential amplifier at input side. 


Advantages : 

(1) Fastest Logic. 

(2) High fan out due to high Z in and low Z out , typically 25. 

(3) Excellent speed power product. 

(4) Logic flexibility by providing 2 outputs, OR and NOR. 

Disadvantages : 

(1) Dissipates large stand by power. 

(2) High speed generates voltage and current transients. 

(3) Limited logic swing. More sensitive to environmental noise. 
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13.15 MOS Logic : 


Logic Families 


MOSFET (Metal oxide semiconductor field effect transistor) can be subgroup into two types. 

(1) Depletion MOSFET. 

(2) Enhancement MOSFET. 

Enhancement MOSFET is most widely used. 

In that we have PMOS and NMOs. PMOS technology was dominating one, but because NMOS 

th pm ^ ma< ^ e Sma ^ er an ^ *h us operate faster, and because, NMOS requires lower supply voltages 
NMOS is most widely used. But PMOS is not outdated because it is used in complementary 

MOS or CMOS circuit. 


13.16 N-M OS Inverter : 


V DD 

o 

Jh-p 1 

\ °v 0 

I'jH ^ 

vJb M2 

■I,; 1 *X- 

Fig. 13.57 (a) Fig. 13.57 (b) 

The Fig. 13.57 (a) shows MOSFET inverter with passive load. R D is adjusted in such a way that 
when , 

V jn = 0 — > MOSFET OFF. 

V jn = 1 — > MOSFET ON, providing 
Sufficient I DS (drain to source current). 

Thus MOSFET switches between saturation and cutoff (Refer Fig. 13.57 (b) ). . 

We can also connect active load, shown in Fig. 13.57 (b). 

With MOSFET technology, it is easier to fabricate a MOSFET than a resistor. For this, another 
MOSFET M, is used as load for M 2 . Gate of M, is connected to supply, therefore it is always ON and ^ 
behaves as resistor. M,is designed in such a way that it should act as resistor. M 2 should act as switch: 

The advantage of using MOSFET switch and load is, MOFET requires less space in comparison with 
TTL (bipolar device.) therefore higher package density. 
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HIGH 
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HIGH 
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HIGH 

HIGH 


LOW 


Fig. 13.58 : N-MOS NAND gate 
Q i is acting as load resistance. Q 2 and Q 3 are used as switches. 

1 . A = B = 0 or either A = 0 or B = 0. 

In above cases, respective transistors, i.e. Q 2 for A and Q 3 for B, will be OFF. Thereby presenting 

high resistance from the output terminal to ground, so that output X is HIGH. 

2. A = B = 1 (or + 5 V) 

Q 2 and Q 3 , both will be ON ; offering low impedance. The output X is LOW. 


13.18 N-MOS NOR Gate: 


Qj acts as load resistance.Q 2 and Q 3 will act as simple switch ; connected in parallel. 
1 . A = B = 1 or either A = 1 or B = 1. 


2 . 


A* 


In above cases, respective transistor will be ON, offering LOW impedance and forcing output 
X = 0. 

A = B = 0. 


Q 2 and Q 3 , both will be OFF. Therefore output X goes HIGH. 


Clearly, this is NOR operation. 

+ 5V 





« B 



A 

B 


X 

LOW 

LOW 


HIGH 

HIGH 

LOW 


HIGH 

LOW 

HIGH 


HIGH 

HIGH 

HIGH 


LOW 


Fig. 13.59 : N-MOS NOR gate 
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13.19 Complementary MOS Logic (CMOS) : 


P.Mo^°Vx miIy USCS b0th; P and N channel MOSFET. This leads to several advantages over the 
f r “ families. Generally, CMOS is faster and consumes less power than other MOS 

ammes. CMOS has lower package density and slightly complex IC fabrication process. 

13.19.1 CMOS Inverter : 


V in°~ 


G 


? V cc or v DD 

M. 


P Channel 



+ ^DD or ^cc 



(a) 


(b) 


Fig. 13.60 : CMOS inverter 

The basic CMOS circuit is the inverter, shown in Fig. 13.60. It consists of two MOS enhancement 
mode transistors, the upper is P channel type, the lower N channel type. 

The power supplies for CMOS are call V DD and V ss or V cc and ground depending upon manufacturer. 
V DD and V ss are carryover from conventional MOS circuits and stand for drain and source supplies. 

Working : 

(1) When V m = LOW, hi, is off but M, is ON. It means that V 0 is equal to V cc or HIGH logic. 

(2) When V in = HIGH, Mj is ON and M, is OFF. In this case V 0 = V ss = GND. 

13.19.2 CMOS NAND Gate : 

Mj and Mj are P-MOSFETS. M 3 and M 4 are N-MOSFETS. 

1. A = B = 0 or either A = 0 or B = 0. 

When A = 0, M, = ON and M 3 = OFF 

when B = 0, M 2 = ON and M 4 = OFF. 
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lcrefore, in all the cases either M 3 or M 4 or both are OFF ; offering HIGH impedance. 

Therefore output Y = HIGH. 

2. A = B = I. 

* Ompm^LOW FF M3 and ^ 3re 0N ’ 0ffCring l0W resistance from output terminal to ground. 


+ V 


DD 



Fig. 13.61 : CMOS NAND gate 


13.19.3 CMOS NOR Gate : 


1 . 


Mj and M 2 are P-channel MOSFET in series. M 3 and M 4 are N channel MOSFETS in parallel. 


When 


When 


-> 

-» 

-> 

-> 


Mj = ON and M 3 = OFF 
Mj = OFF and M 3 = ON 
M 2 = ON and M 4 = OFF 
M 2 = OFF and M 4 = ON. 


A = 

A = 

B = 

B = 1 

A = B = 0 

Mj= M 2 = ON and M 3 = M 4 = OFF. So we have HIGH impedance from output terminal to ground. 
Therefore output Y = HIGH. 

A = B = 1 OR either A = 1 or B = 1. 

If A = 1, M 3 = ON and if B = 1, M 4 = ON. Due to this we get LOW impedance between output 
terminal and ground. Therefore Output Y = LOW. 

Till this point we have studied CMOS INVERTER, NAND and NOR gates. Here we should ask Why 
one should go for CMOS ? 

This question led us to CMOS characteristics. 
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M, 


D 


-*y = a + b 


M, 


D 


N 


A 

B 


Y 

LOW 

LOW 


HIGH 

LOW 

HIGH 


LOW 

HIGH 

LOW 


LOW 

HIGH 

HIGH 


LOW 


Fig. 13.62 : CMOS NOR gate 


13.20 CMOS Characteristics : 


Let s talk about characteristic of ideal logic family. It should dissipate no power, have zero propagation 
delay, controlled rise and fall times, and have noise immunity equal to 50 % of the logic swing. 

The properties of CMOS begin to approach these ideal characteristic. 

• 

First. CMOS dissipates low power. Typically static power dissipated is 10 q m per gate which is due 
to flow of leakage currents. The active power depends upon power supply vohage, frequency, output load 
and input rise time, but typically gate dissipation at 1 MHz with 50 PF load is less than 10 nnv. 


Second, the propagation delays through CMOS are short through not quite zero. Depending upon 
power supply voltage, the delay through a typical gate is on the order of 25 q sec to 50 q see. 

Third. rise time and fall times arc controlled, tending to ramp rather titan step functions. Typically, 
rise time and fall limes tend to be 20 to 40 % longer than propagation delay. 

Last, but not least, the noise immunity approaches 50 %. being typically 45 % of the full logic swing. 

Because of low power requirement, normally used for battery operated systems, like digital wrist 
watches and portable microcomputer as noise immunity is more normally used where environment is 
noisy. 

Only problem is in comparison with TTL, CMOS is slower. 

13.20.1 Transfer Characteristics : 

As shown in Fig. 13.63 when input is low output voltage is in high state. As input voltage increases, 
output remains in high shite urttill a threshold is reached. As 0.45 V cc output switches to LOW state. 
Then any input greater than 0.45 V cc . the output is at LOW state. 


... _ \\ 1 'fi r i \\ * t \ Sr 
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Fig. 13.63 : Transfer characteristic 


13.20.2 Noise Immunity : 

0 45 y rci ” ts have a typical noise immunity of 0.45 V cc . This means that spurious input which is 
cc ss aw a> from VCC or ground typically will not propogatc through the system as an 

Uiesewm h° 8 ' C leVCl ‘ TWS doesnt mean thal no signal at all will appear at output of first circuit. In fact 
„ C an ° u , lput SlgnaI as 3 result of s P urious in P ut > hut it will be reduced in amplitude. As this 
nntiii - t r° P ?f a !r S 1 lr ° Ugl1 the ^s 16111 it wil i he attenuated even more by each circuit it passes through 
11 finally disappears. Typically it will not change any signal to opposite logic level. 

13.20.3 Unused Inputs OR Floating Inputs : 

4 

is "° alin 8' '* >s equivalent to high input. But it is better to connect input either to 
g ound or V cc , to prevent floating leads to pickup stray noise in the environment. 

But in CMOS unused inputs should not be left open, because of very high impedance (~ 10 12 O) a 

floating input may drift back and forth between a 'O’ and T creating some verv intriguing system 
problems. Therefore all unused inputs should be tied to V cc ground or another used input. h * 

13.20.4 Power Supply Filtering : 

Since CMOS can operate over a large range of power supply voltage (3V to 15 V), the filtering 
necessity is minimal. The minimum power supply voltage required will be determined by Maximum 
frequency of operation of the fastest element in the system. The filtering should be designed to keep the 
power supply somewhere between this minimum voltage and maximum rated voltage the parts can tolerate. 

13.20.5 Electrostatic Discharge Prevention : 


All CMOS devices arc suceptible to damage by the discharge of electrostatic energy between the two 
pins. This sensitivity to static charge is due to the fact that gate input capacitance (5 PF typical) in parallel 
with very high resistance (10 ,2 O) leads itself to high input impedance and hence readily builds up 
electrostatic charge. If precaution is not taken then higher voltage, resulting from static discharge, is 
applied to the device, permanent damage like short to subtract, V DD pin, V ss pin, or output can occur. 

Even if you remove or put CMOS device when power is ON, transient voltage caused by inductive 
kickback and other effects may exceed the gate voltage rating ; and can destroy internal insulating layer of 
’ MOSFET. 


13.20.6 Protection Circuits : v 

(1) The series resistance of 200 Q using p + diffusion helps limit the current when the input is subjected to 
a high voltage zap. 

... ... . . . . -«r 
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V 


DD 



Diode breakdown 
D, = 25 V 

D 2 = 60 V 
D 3 = 100 V 


Fig. 13.64 

Associated with this resistance is distributed diode network to V DD which protects against positive 
transients. 

(-) Transmission gate with intrinsic diodes to protect against static discharge. Refer Fig. 13.65. 

?Gate P Channel 

D 


IN/OUT o- 


“t -r u i 


'DD 


V 


SS 


-w- 




-o OUT/IN 


Fig. 13.65 

No additional series resistors are used so that ON resistance of transmission gate is not affected. 

13.20.7 Sourcing and Sinking : 

When a standard CMOS driver output is low’, the input current to CMOS load is only 1 micro amp 

i.e. sink current. Same way when driver output is high, CMOS driver sources 1 pA. 

*IL(max) = " 1 M A IlH(max ) = 1 P A. 


13.21 Handling Guide for CMOS Devices : 


Extremely liigh static voltages generated in manufacturing environment can destroy even the optimally 
protected devices by reaching their threshold failure energy levels. For preventing such catastrophics. 
Simple precaution sltould be taken. 

1 . In handling unmounted chips, care should be taken to avoid differences in voltage potential 
between pins. Conductive carriers such as conductive foams or conductive rails should be used in 
transporting devices. 

2. Soldering iron tips, metal parts of features and tools, and handling facilities should be grounded. 

3. Devices should not be removed or plugged in when supply is ON. 

4. Table lops should be covered with grounded conductive tops. Also test tables should be covered. 

5. Do not exceed the maximum ratings specified by data sheet. 

'• '• •***-?§• "A . * I It t ! I *. ? *il I » 1 ♦ . »% % ’ 1 * , .5 1 k t 1 t l 4 I l t 
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6. All unused device inputs should be connected to V rr or GND. 

7. All low impedance equipment (pulse generator etc.) should be connected to CMOS inputs only 

after the CMOS device is powered up. Similarly, this type of equipment should be disconnected 
before power is turned off 

All CMOS devices should be stored or transported in material that arc anti static or conductive. 
CMOS dc\ ice must not be inserted into conventional plastic snow Styrofoam, or plastic trays, but 
should be left in their original container untill ready for use. 

\\ Ion or other sialic generating material should not come in contact with CMOS devices. 

Iri. Double check test equipment setup for proper polarity of V cc and GND before conducting 
parametric or functional testing. 

1 1 . When lead straightening or hand soldering is necessary, provide ground straps for apparatus used 
and be sure that soldering iron tips are grounded. 

1-. If automatic handlers arc being used, high level of static electricity may be generated by movement 
of the dc\ ices, the bells or printed circuit boards. Reduce static buildup by using ionized air 
blowers, anti static sprays and room humidifier. 

13.22 CMOS Sub -Families : 

The way w e had TTL subfamilies, we do have subfamilies of CMOS. 

13.22.1 4000/14000 CMOS : 

The oldest CMOS series is the 4000 series first introduced by RCA. It has low power dissipation. If 
supports wide range of pow'er supply voltage (3 to 1 5 V). Slowest among all the series. It has low' output 
current capabilities. This scries is not compatible with TTL series. 

13.22.2 74C Series : 

This CMOS series is pin to pin compatible and functionally equivalent TTL device. Performance 
characteristics of this series is about the same as those of 4000 series. 

13.22.3 74HC / HCT (High-Speed CMOS) : 

Tliis series is improved version of 74C. Ten times faster than 74C. This series is also pin compatible 
and functionally equivalent to TTL. 74HC devices arc not electrically compatible with TTL. but 74HCr 
devices arc. This scries is most w idely used. 

13.22.4 74AC / ACT (Advanced CMOS) : 

This scries is functionally equivalent to TTL scries, but not pin compatible w ith TTL series. Scries is 
also referred as ACL i.e. advanced CMOS logic, because it lias high noise immunity, less propagation 
delay and high speed. 

13.22.5 74AHC (Advanced High Speed CMOS) : 

The latest series of CMOS. Series offers natural migration path from the HC series to faster, lower- 
power low' drive applications. Series is three times faster titan HC series. 
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13.23 Log ic Voltage Levels of CMOS and TTL : 

Till this point \vc have studied CMOS and TTL families. Let's observe voltage logic levels of each 
senes to conclude about noise immunity of each series. 


Table 9 : Input / output voltage levels (in volts) with V DD = V cc = + 5V 



— L. x 7 m 

CMOS 

) ll 

TTL 

Parameter 

4000B 

74HC 

74HCT 

74AC 

74ACT 

74AHC 

74AHCT 

74 1 741. S 1 74 AS 

74ALS 

^ IH(min) 

\ 7 

3.5 

3.5 

2.0 

3.5 

2.0 

3.85 

2.0 

2.0 

1 r w w 

2.0 

2.0 

2.0 

IL(max) 

\ j 

1.5 

1.0 

0.8 

1.5 

0.8 

1.65 

0.8 

0.8 

0.8 

0.8 

0.8 

Oll(min) 

\j 

4.95 

4.9 

4.9 

4.9 

4.9 

4.4 

3.15 

2.4 

2.7 

2.7 

2.7 

v OL(mn\) 

0.05 

0.1 

0.1 

0.1 

0.1 

0.44 

0.1 

0.4 

0.5 

0.5 

0.4 

V NH 

\j 

1.45 

1.4 

2.9 

1.4 

2.9 

0.55 

1.15 

0.4 

0.7 

0.7 

0.7 

V \I, 

1.45 

0.9 

0.7 

1.4 

0.7 

1.21 

0.7 

0.4 

0.3 

0.3 

0.4 


1 3^24 Comparing TTL AND CMOS Series : 


Parameter 

A tllj 

4000B 

74HC / 
HCT 

i*ii ocnc 

74AC / 
ACT 

is ^omparisc 

74AHC / T 

>n" 

74 

74LS 

74AS 

74ALS 

Power dissipation 

per gate (mW) 

(a) Static 

1.0 x 10" 3 

2.5 x 10~ 3 

5.0 x 10~ 3 

9.0 x 10" 5 

10 

2 

8 

1.2 

(b) At 100 kHz 

0.1 

0.17 

0.08 

0.006 

10 

2 

8 

1.2 

Propagation 

delay (ns) 

50 

8 

4.7 

\ 3.7 

9 

9.5 

1.7 

4 

Speed-power (at 100 

kHz) (pj) 

5 

1.4 

0.37 

0.02 

90 

19 

13.6 

4.8 

Maximum clock rate 
(MHz) 

12 

40 

100 

130 

35 

45 

200 

70 

Worst-case noise 
margin (V) 

1.5 

0.9 

0.7 

0.55 

0.4 

0.3 

0.3 

0.4 


13.25 Interface : 


Interface means the way driver device is connected to 
load device. Fig. 13.66 shows driver gate interfaced to load 
gate. 

When driver and load gate both are of same family i.e. 
TTL or CMOS or PMOS, then one need not bother. But 
one lias to consider voltage and current parameter when one 
family drieves another. TTL drives CMOS or vice versa, 
PMOS drives CMOS or vice versa and so on. 


Driver 

no- 

TTL /CMOS 
PMOS/CMO 
NMOS/ CMOS 
TTL /PMOS 


Load 



CMOS /TTL 
CMOS / PMOS 
CMOS / NMOS 
PMOS /TTL 


Fig. 13.66 


Then question comes wliat arc the important points to be considered while interfacing two families. 
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\(I) Output oj devices of one family should satisfy current and voltage requirements of the inputs of 
devices of other family. 

(2) One has to consider power supply requirement of the both the family. Here one can have different 
configuration i.e. 

> Both the families operated at same power supply voltage. 

(b) Both the families operated at different power supply voltage. 

( ) The other family s outputs should swing as near as possible to the full voltage range of the first 
I family's power supply 

13.25.1 CMOS Interfaced To PMOS : 

Points to be considered while Interfacing PMOS and CMOS. 

( ) Power Supply Set : Most of the popular PMOS parts are specified with 17 V to 24 V power 
supplies, while maximum power supply voltage for CMOS is 15 V. 

^ tt* 0 ° U f^D\^c n ^ PMOS output is significantly less than the power supply voltage 

. ross i . MOS swings from very close to its V ss supply (positive supply) to quite a few volts above 
^ ^DD supply (negative supply). 

So if we reduce supply voltage of PMOS, we expect output swing will go low to match requirement 
of CMOS. But the case is not so. 

Single Power Supply Operation : 



Fig. 13.67 : Single power supply for CMOS/PMOS 

(1) CMOS drives PMOS directly. 

(2) PMOS cannot drive CMOS directly because of its output will not pull down close enough to lower 
power supply voltage. (Refer point 2, under heading of Interface PMOS and CMOS] Because of this 
one lias to add R PD (R pull down) to each PMOS output to pull it low to lower power supply voltage 

level. 

(3) Selecting R PD : The value should be selected such that it is small enough to give desired RC time 
constant. But it should not be so small tliat the PMOS output cannot pull it to upper power supply 
voltage when it needs to. 

(4) The approach works with push pull as well as open drain PMOS outputs. 
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GN’D of CMOS chip is not connected to the GND. Instead it is connected to cathode of zcncr. In short 
ground pin of CMOS is lifted by providing bias voltage (by zencr) to reduce total voltage across CMOS. 
This is done to match minimum swing of PMOS output. The CMOS still can drive PMOS directly. 
Using bipolar supply : 


If the system has bipolar logic, it will have two power supplies. The configuration is as shown in 
Fig. 13.69. 




PMOS J 
Supply \ 





Fig. 13.69 : Dual power supply operation 


i 


13.25.2 CMOS Interfaced to NMOS : 

Interfacing CMOS to NMOS is simpler. Supply requirement for NMOS is 5V to 12V. This is directly + 
compatible with CMOS. 

Important Point to note is , 

(1 ) At LOW level, output of NMOS is 1 V lo 2 V above GND level (or low supply voltage). 

( 2 ) At HJG1 1 level, output of NMOS is 1 to 2 V below V (V level (or upper supply voltage). 

X * ' \ ■' \* < " . \ * \\ - ' \ . ■ % v • * \ h » \ i ; f 1 WE**?'- \ 
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Fig. 13.70 

Therefore for higher supply voltage NMOS and CMOS can be directly Interfaced, because HIGH logic 
output \ oltagc will be 1 to 2V below upper supply voltage. But for lower supply voltage NMOS 
output for HIGH logic level will be 2 to 4V below upper supply voltage, therefore one has to pull the 
output voltage up. This can be done using pull up resistance. 

13.25.3 TTL to CMOS Interface : 


It means TTL gate will drive CMOS gate, therefore one lias to know V OH , V OL of TTL and V IL , V m of 
CMOS. The Fig. 13.71 shows the typical values. 



5 V 


TTL HIGH 

V|H = 3.5V 

CMOS HIGH 


Indeterminate 

Indeterminate 

V |L - 1.5 V 


CMOS LOW 



TTL LOW 




Fig. 13.71 


If you observe Fig. 13.71, you will find that V 0L 
(TTL) < Vj, (CMOS), therefore no problem. But V OH 

(TTL) falls in indeterminate region of CMOS because 
V IH (CMOS) = 3.5 V where as V 0H (TTL) = 2.4 V. The 

remedy over this problem is simple, just pull the output 

voltage of TTL to higher level. How you do this ? Just 
by putting R pu u up (Pull up resistance). The same is 

shown in Figs. 7.70 and Fig. 13.72. 

The Fig. 13.72 shows TfL and CMOS operating on 
single power supply i.c. +5V. 



Fig. 13.72 : TTL to CMOS with 
pull up resistance 
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But in some of the eases you may use different 
power supply for CMOS because CMOS works 
upto 15V. So the ease is TTL operating at +5V and 
CMOS operating at power supply voltage greater 
than +5V (typically 9V. 12V or 15V). 

Here again the problem will arise of matching 
V OL with V ]L and V OH with V IH . Again the remedy 
is simple, use pull up R touring V OL and V 0H of 

TTL gate up to CMOS level. Interface is shown in 
Fig. 13.73. 

What should be value of pull up R ? 

For same supply voltage the thumb rule is one 
can select R pull up between 1 K to 4 K 7 O. 

H on' pull up works ? 

Case I : 

When output of TTL is LOW, it will side current. Sinking current for 1 m loud is h 1.6 mA. 
Therefore value of R will be = = 3125UOR3.1 kn 

Pull up doesn t change LOW state output voltage drastically. 

Case II : 

When TTL output is in HIGH state [Refer Fig. 13.28.Totenr pole output stage]. In this case transistor 

provides output upto 2.4 V, but because of the pull resistance output rises above 2.4 V, therefore transistor 

" iU be 311(1 final output will be +5 V through pull up to input of CMOS. 

For different power supply operation. 

R _ 12 V (or 9V or 15V) T ^ , 

R pull up “ j 6 mA L = 7.5 k O for 12 V. 


Level Shifter 


used. 


Sometimes when TTL and CMOS operated at different power supply voltage, level shifter 


circuit is 


As name suggests level shifter IC will shift or pull the output voltage level to CMOS input 
requirement chips available are 40109, MC 14504B. 



(9V, 12 V, 15 V) 


Fig. 13.74 
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(a) CMOS to Standard TTL : 

C MOS directly cannot drive standard TTL because current required will be - 1.6 m A. where CMOS 
requires current in pAmp. Therefore one has to increase current sinking capability of CMOS For that 
wc normally use CMOS buffer. Buffer is a device which will increase current driving capacity 

(b) CMOS to Low Power TTL : 

1 or low power TTL worst case low state input current is 180 p A. CMOS can sink 360 pA. therefore 
it can drive two low power TTL device. 



Fig. 13.75 


1 3.26 BICM OS Digital Circuit : 


f DD 


tv 


>TTL characteristic 


BICMOS technology combines Bipolar and CMOS 
circuit on same IC chip. Because of this we get 
advantage of both technology such as. 

( 1 ) Low power 

(2) High input impedance * CMOS characteristic 

(3) Wide noise margin 

(4) High current driving capacity 

(5) High speed of operation 

(6) High package density. 

Let's sec basic BICMOS logic Inverter 

Working : 

Case I : Vj = 0 and V u floating. 


into base of Q 4 

(2) As Q : is OFF. V R = 0. therefore transistor Q 4 - 

-MOS transistor Q, is ON This estabUshes low impedance conducung channe. between base of Q 
and V { )Q. 
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(4) As V n is floating no current will flow through Q. or R T > kP9ic Families 

Therefore voltage drop across Q, u ill be nearly /cro ' Krcforc no current How s through Q 

(5) Therefore rests, or R, will cause voltage a. gate output to be eo.nl to v o 

pull up and V OH = V DD . <l " al 10 v t>n Resistor R 1 will „ 0lk ns 

Case II : v, = 0 and v 0 connected to load. 

( 1 ) Refer step ( 1 ). (2) and (3) of ease I 

(2) As v 0 is connected to load, it has to source current to load. 


(T) To source current transistor O. is ON and acts ; 


« v/uvn UIU' 

impedance and high current driving capacity 
(4) Current supplied by Q, to Q, will be amplified by B of O 
Case III : v, = 1 V3 

( 1 ) Transistor Q, = OFF and Q, turns ON. 

(2) Transistor Q ; supplies current to Q^, Q 4 = qN 

' ’’ ' r load is no1 presem - CUITCm th ™gh Q, and Q, will be nearly zero 
(4) Path of R„ conducting channel of Q, and R, will gj vc LOW output level 

Drawback of BICMOS : 

( 1 ) Complex fabrication process. 

( 2 ) Because of complexity cost per gate increase than that of CMOS. 

BICMOS NAND Gate : 


‘ 1S Cm,Ucr fo,,ouer - Providing gate with low output 


V DD 



Fig. 13.77 : BICMOS NAND gate 
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Series 
• w 
41\\ 

•Hw 
44v\ 

45\\ 

47xx 
4\v\ 

72v\ 

7\\\ 

74ABT 
74 AC \\ 

74 ACT \x 
74ACQ xx 
74ACTQ xx 
74LVC xx 
74 BC xx 
74BCT xx 
74C xx 
74FCT xx 
74HC xx 
74HC 4()xx 
74HC 7()xx 
74HCT xx 
74HCT 4()xx 
74HCT 70xx 
74HCU xx 
74xx 
74FB xx 
74GTL xx 
74HLL xx 
74LCX xx 
74LV xx 
74LVC xx 
74LVQ xx 
74LVT xx 
74ALS xx 
74Fxx 
74 AS x x 
74H xx 
74 L xx 
74LS xx 
74S xx 
74VHC xx 
74 VI it T xx 


l ee It nolo 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

QUBIC BICMOS technology 

adv anced CMOS 

advanced CMOSTTl Interlace 

advanced CMOS Quiet series 

advanced CMOS/TTL. Quiet series 

advanced low voltage CMOS logic 

high speed BICMOS 

high speed B1CMOS/TTL Interface 

high speed CMOS. 74's pin assignment 

high speed BICMOS/TTL Interface 

high speed CMOS. 74's assignment 

high speed CMOS. 4000's pin assignment 

high speed CMOS. 7000's pin assignment 

high speed CMOS/TTL Interface. 74's pin assignment 

lugli speed CMOS/TTL Interface, 4000's pm assignment 

high speed CMOS/TTL Interface. 7000'$ pin assignment 

high speed CMOS, backnplcss 

TIL normal 

high speed BICMOS 

Gunning transistor logic 

high speed low voltage CMOS logic 

low voltage high speed CMOS 

low voltage CMOS 

low voltage CMOS 

low voltage Quiet CMOS logic 

Advanced BICMOS Low Voltage technology 

advanced low power schottky TIL 

Fast TTL 

advanced scliottlcy ILL 

high speed TTL 

low power TTL 

low power scliottky TIL 

Schottky TTL 

Very high speed CMOS 

Very high speed CMOS, TTL. compatible 
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Section - I 

1. (a) Convert the following into binary, octal and hexadecimal numbers 

(i) (2019) lo (ii) (345) j 0 
Ans. : (i) 

2019 



Quotient 

[ [Remaincierj 

2 

1009 

1 

2 

504 

1 

2 

252 

0 

2 

126 

0 

2 

63 

0 

2 

31 

1 

2 

15 

1 

2 

7 

1 

2 

3 

1 

2 

| 1 

1 


i 

M 

2 

345 



Quotient 

[Remainder 

2 

172 

1 

2 

80 

0 

2 

43 

0 

2 

21 

1 

2 

10 

1 

2 

5 

0 

2 

2 

1 

2 

1 

0 


1 



1 



(2019) 10 = 


01111110 0011 

TTT 


•[ 

■E 




16 


(201 9) 10 = 1 0 1J 1_n M)_0 0JJ1 2 


TTTT 

= [ 3 7 4 3 ] 


8 


(345) 10 = 101011001 

iTT 

=[1 5 9 ] 18 

(345) 10 '= 1 01 01 1 001 L 

TTT 


•[ 


5 3 1 


] 


8 
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(b) Convert the decimal number (135) 10 to Gray Code. Explain the uses of Gray Code. 


Ans. : 


135 


Quotient 


67 


33 


16 


Remainder 


(135) 10 = 0 00 0 1 1 ij, 


( 2 ) 



Gray code is MOST WIDELY used in optical encoder, mainly CNC machines. 

(c) Subtract the following using l's complement and 2’s complement method and express the 
result as hexadecimal number. P) 

Ans. : (62) 8 - (29) 10 

[62] g = [50] 10 = [110010] 2 

[29] 10 = [Oil 10 1] 2 

(i) l's complement method 
I 's complement of (0 1 1 10 1 ) 2 is ( 1 000 1 0) 2 


(50) 10 = 1 1 0 0 1 0 


+ 


(29) io 



1 0 0 0 1 0 

0 10 10 0 

H 

0 10 10 1 — ► 


Answer 
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(ii) Two's complement = Vs complement + 1 

= (l()OOIO) 2 + 1 
= ( 10001 1) 2 

(5°) io = 110 0 10 


Decembor 2002 


.1 


(29)io = 1 0 0 0 1 1 

il o i o i o i 


? 


Discard Answer 


(d) Perfm m the following operations directly without converting the number to any other base 
(i) (ABC) 16 x (2 S)j 6 (ii) (33) 8 -(77) 8 (4) 

Ans. : (i) 


(ii) 


ABC 
x 2 5 


1 5 7 8 X 

3 5 A C 

1 8 D 2 C 


2 . . 1 . 

3 3 


(2748) 10 

(37) 10 


(1,01,676) 10 


T 5 

' borrow 


(56) x is negative number as there is borrow. 

(e) Obtain an even parity Hamming Code for data code 1010111. ((,) 

Why is Hamming Code called error correcting code? 

Ans.: Hamming Code : 

^7 ^6 ^5 ^4 ^3 ^2 Pj 


10 10 111 


Parity 

Error bit 

(1) 1, 3, 5, 7, should form even parity 


1111 > yes, .*. reset error bit. 

0 

(2) 2, 3, 6, 7 should form even parity 


1111 > No, set error bit 

1 

(3) 4, 5, 6, 7 should form even parity 


0 10 1 » yes, reset error bit. 

0 
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error bit is (010) 2 , P 2 
Corrected code is > (1010101)2- 

Hamming code is called as error corroding code, because afier receiving the code, it doesn't only check 


for error bit. but also corrects it. 

2. (a) Simplify the following : 

(i) A + AB + ABC + ABCD 


( 6 ) 


(ii) AC [ ABD | + ABCD + ABC 


(iii) AB + ABC + A(B + AB) 


Ans. : (i) A + AB + ABC + ABCD 

= A + B + ABC + ABCD 
= A [1 + BC] + B + ABCD 
= A + B + ACD 


= A + ACD + B = A + CD + B 
= A + B + CD 

(ii) Ac[a • Bd] + ABCD + ABC 

= AC [ A + BD] + ABCD + ABC 
= AC [A + [B + D]+ABCD + ABC 
= 0 + AC [B + D] + ABCD + ABC 
= ABC + ACD + ABCD + ABC 
= BC [A + A] + AD [ C + BC] 

= BC + AD [B + C] [As A + AB = A + B] 

(iii) AJB + ABC + A(B + AB) 


= A[B + BC] + A (B + AB) 


- A[B + BC] + A(B + A) 


= A • (B + C) + AB + A 


= A ( B + C ) + A(B+ 1) = A • [BC] + A 


= A + ABC = A + BC = A • ( BC ) = A[B + C] 
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PLDA 

(b) A corporation having 100 shares entitles the owner of each share to cast one vote at the shan 
holders meet. Assume that A has 40 shares, B has 30 shares, C has 20 shares and I) has K 
shares. A two third majority is required to pass a resolution in a share holders meeting 
Each of these four men has a switch which he closes to vote YES and opens to vote NO foi 
his percentage of shares. When the resolution is passed, the output LED must he ON 
Derive a truth table for the output function and give the sum of product equation for it 
Also implement using only NAND gates. (10 

Ans. : (i) A = 40 shares 

B = 30 shares 
C = 20 sliares 
D = 10 shares 

(ii) 2/3 majority is required to pass a resolution, means 66.66 or more number of shares will be 
required. 

(iii) closed > yes » logic 1 

open > No > logic 0. 

(iv) When resolution is passed, output LED will glow, means output expected is ACTIVE HIGH 
Let's label y as an outputs. 


(v) Truth table 


j 

i 


Inputs 

Output 

A 

B 

c 

D 

Y 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

0 

0 

0 

I 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 
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(Mi) 


(viii) 


AB\CD 


K -map 


AB 


AB 


AB 


AB 


CD CD CD CD 


o 

O 

0 

1 

0 

3 

0 

2 

0 

4 

0 

5 

0 

7 

0 

6 



r 


cn 

1 1 

n 

F 

b) 

12 

13 

— 

Ts 

14 

O 

a> 

0 

9 


r 

ii 

0 

10 


V = AB + ACD 



Fig. 1 


Y = AB + ACD 


= AB • ACD 



_December 2002 


Fig. 2 

3. (a) Explain the terms : (i) prime implicant (ii) input variable (iii) min term (iv) max term 


Ans. 



1 Prime Implicant : Refer Section 4.9 page no. 4-61. 

2 ,npul vanab,c •' ,l is in Pul to a system and attain anv value (logic 0 or logic 1) at any instant 
time 

3. Mintcrm : Refer Section 3.5 (ii) page no. 3-18. 

4 Maxterm Refer Section 3.5 (iii) page no. 3-18. 

(b) Use Quine-McCluskey method to find minimum POS expression for 
f < w * x * y» *) = 7tM(I, 3, 4, 5, 9, 10, 1 1) + nd(6, 8) 
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(c) Implement the above using 2 i/p NOR gate only. (4) 


Ans.: f(y) = (w + x + y) (x + z) + (w + x) 


- (w + x + y) + (x + z) + ( w + x ) 


w x y z 
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(3) 


4. (a) Design an XS-3 adder circuit using IC 7483 and required gates. 

Ans. : Refer Section 6.4 

(I>) Why arc NAND and NOR gates called universal gates? 

Ans.: Refer Section 3.10 

levdOR-ANDrir '!"° 'T' AND “° R circuil can bc re l ,lacc<l b - v NANft-NAND circuit and a two 
OR AN D cu cuit can bc replaced by a NOR-NOR circuit. (3) 

Arts. : To prove this we will take one example 

(i) 


(ii) 

A 

B 


C 

D 





(16) 


Fig. 5 

/ 

5. Write short notes on : 

(i) Carry Look Ahead carry Generator (ii) Arithmetic Logic Unit (ALU). 

(iii) Parity Generator/checker (iv) Gray Code. 

Ans. : (i) Refer Section 6.2.3 

(ii) Refer Section 7.5 

(iii) Parity Generator/checkcr : Now we will see the circuit which will generate parity- and also' 
checks it. Normally EX-OR gate is used to generate even parity. Refer turth table of EX-OR gate. 


A 

B 

Y Output 

0 

0 

0 

0 

1 

1 

I 

0 

1 

1 

1 

0 
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As shown when odd no. of I's are prescnl in the input, on, put of EX OR fiatc (i Tyi is T This win 
set total numbers of ’I's to even number. c Y ' ,s Th,s Wl11 

I he circuit in Fig. 5A shows even parity generator, for 4 bit data input. 


Data 

input 


IC 


D r 


1A 


< 


o < 



o 


^ 1 

,U 1B 

r)I>i 

lc rc 

L^p^PanVbit_ o 




1 — t/S 




■ ■■ < 

o 




_ . . 



o 




Set to 
even parity 


I C, = 7486 

Fig. 5A 

The circuit is implemented using 2 input EX-OR gate. Input to the circuit is data bits D 0 -D v Output 
of tlic circuit is D 3 - D 0 with parity bit. If D 3 - D 0 = 0 1 1 1, then output Y = I. 


Da 


D, 


D. 


D r 


Parity 

0 111 1 — > even number of 'I's 

But if D 3 - D o = 1 0 0 1, then output Y = 0 


Da 


D, D 2 d 0 Parity 

1 0 0 1. 0 -> even number of Ts 

Now we will see parity checker circuit in Fig. 5B. The parity checker circuit also employ EXOR gate. 



Error bit 


Fig. 5B 

The parity checker circuit, checks for even parity If input bits (D, - D 0 . parity) has even parity, error 
bit = t). otherwise for odd parity, error bit = I. The circuit is shown using 2 input EXOR gale. The same 
can be implemented using 5 input EXOR gate also. 

(iv) Refer Section 1.11.2. 
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Section - II 


6. Design a mod-6 synchronous up/down counter using SR flip-flops. If the counter 

any of the unused states what will happen? Ensure that the counter docs not cnter ln 
unused state. Clearly specify value of mode control for up counting and down counting. 
Also draw state diagram. 

Ans.: A mod - 6 counter has 6 states, 0 to 5. The number of flip-flops required would be 3. The 
invalid states will be 1 10 and 111. 


v*\ 


If the counter enters an invalid state, it might never return to a valid state and may encounter a LOCK 
OUT condition. 


To ensure that a counter does not enter an unused state, we shall design the counter to return to valid 
state after one clock tick if it enters an unused state. 


(e) > 0 - 


o — ►© — — *0 — 


<j> — <T) 


Invalid 

state 


Invalid 

state 


Truth Table : 
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7. (a) Design a clocked J-K flip-flip using a basic NAND cell using NAND gates only. (8) 

Ans. : Refer Section 8.5. 

(b) What is race condition ? Why docs it occur? What modification is required if race 
condition is to be avoided? 

Ans. : Refer Section 8.5.1. 


(c) Convert a J-K flip-flop to D flip-flop and a T flip-flop. (4) 

Ans. : Refer Ex. 7(i) for JK to D FF 
Refer Ex. 6(i) for JK to T FF 

8. (a) Draw the diagram of a 4 bit universal shift register and explain its operation. (10) 
Ans. : Refer Section 10-10 Page no. 10-16. Diagram 10.20 (b) is important. 

(b) Draw the state diagram of a sequence detector 1011 in an input string 101101100010110. 
( The correct pattern can overlap with another pattern. When the input pattern is detected, it causes 
an o/p z to be asserted high. (6) 

Ans. : 


$ 


0 


0 



State table : 


Input 

Previous state 

Next state 

Output 


C 0 

B 0 

-^o 

c, 

Bi 

^1 

z 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

0 

0 

1 

o ; 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

0 

1 

0 

1 

1 

l 

0 

0 

1 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

1 

0 
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Previous state 

Next state 

J A 

Ka 

h 

K b 

J c 

K c 

Do 

C 0 

B 0 

A o . 

c, 

B, 

A 1 







0 

0 

0 

0 

0 

0 

0 

0 

X 

0 

X 

0 

X 

1 

0 

0 

0 

0 

0 

1 

1 

X 

0 

X 

0 

X 

0 

0 

0 

1 

0 

1 

0 

X 

1 

1 

X 

0 

X 

1 

0 

0 

1 

0 

0 

1 

X 

0 

0 

X 

0 

X 

0 

0 

1 

0 

0 

0 

0 

0 

X 

X 

1 

0 

X 

1 

0 

1 

0 

0 

1 

1 

1 

X 

X 

0 

0 

X 

0 

0 

] 

1 

0 

1 

0 

X 

1 

X 

0 

0 

X 

1 

0 

] 

1 

1 

0 

0 

X 

0 

X 

0 

1 

X 

0 

1 

0 

0 

0 

1 

0 

0 

X 

1 

X 

X 

1 

1 

I 

0 

0 

0 

0 

1 

1 

X 

0 

X 

X 

1 


K-maps : 
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- D 0 


\DoAq 

DqDo \ S 0 *o SqA, DqAq BA 


DqDq 


DqC 0 


D 0 C 0 


D 0 ^o 



Kb - *cA> 

\BqAq 

D 0 CX ^ M> B 0 Ao_BA 


0 

0 

0 


0 

D 0 C 0 

X 

X 

X 

X 

0 

1 


3 

2 


0 

1 

3 

2 

X 

X 

X 


X 

P 

o 

o 

1 

* X 

X 

X 

4 

5 


7 

6 


4 

5 

7 

6 

X 

X 


lit 


X 

D 0 C 0 

1 

X 

X 

X 

12 

13 



15 

14 


12 

13 

15 

14 

O 

CO 

o> 

O 



11 

o 

10 

Do^o 

X 

8 

X 

9 

X 

11 

X 

10 


Jq - D 0 B 0 Aq 


Kc = 1 


Implementation : 


\ 


Fig. 7 


f' ' *' 4 + 

v « W 
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9. (a) Design a mod 5 asynchronous up counter using J-K flip-flop. Explain what 

modifications are necessary to make it >vork as down counter. What is glitch problem? (6) 

Ans. : Refer Page No. 9-82, Ex. 15. (Procedure is same for mod 5 asynchronous up counter) 

(b) Define the various typical characteristics ofaTTL gate. (4) }r 

Ans. : (i) (V OII ) High level output voltage : It is the minimum voltage which will available at an 
output terminal of gate, when required output should be at high level logic. 

^ (Low level output voltage) : It is the maximum voltage which will be Available at output 
terminal of gate. 

(ii) Input voltage parameter : 

( a ) V IH - It is the minimum positive input voltage level that can be applied to an input terminal of 
device and be recognised as logic high level. 

(b) V IL - It is the maximum positive input voltage level that can be applied to the input terminal of a 
device and be recognised as logic low level. 

On the similar line of voltage, we can define current also i.e. I G h> IoL’ Ijh an d ^il 

(iii) Noise margin : The amount of extraneous signal which can be tolerated, before an output voltage 
of gate deviates from allowable logic voltage level. 

(iv) Fan out : Number of load gates connected at the output of gate is called fan out of the gate. It is 
driving capability of a particular gate to drive 'N' no. of gates. 

(v) Fan in : Number of inputs connected to gate is called fan in of the gate. 

(vi) Speed of operation or propagation delay : It is nothing but time taken by particular gate to 
produce output, when input is applied. 

(vii) Power dissipation : It is very important parameter of the logic family. Normally it should be as 
low as possible. The power dissipated by gate HIGH and LOW state is different. 

_ p dh + P DL 
Lp(avg) 2 


PpH — > Power dissipated when input is high. 
P DL — > Power dissipated when input is low. 


(viii) Figure of merit or speed power product or power delay product : The product of propagation 
time and power dissipation (t dp x P D ) is known as figure of merit or performance of gate. Normally 

minimum value of product is desired. 

(ix) Operating temperature : The temperature range in which IC will function properly is called 
operating temperature for the IC. 


(c) Draw the diagram of a 4 bit twisted ring counter, explaining its operation with the help of 
a timing diagram. ^ 


Ans. : Refer Section 10.7 




743 

I J T f* /. r V 
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10. Write short notes on any three : 

(a) PAL and PLA 

(b) Tristate registers 

(c) Master Slave .IK FF 

(d) Transition fable, State table and State diagrams. 





S. No. 

PAL 

PLA 

1. 

P AL is called as Programmable Array Logic. 

PLA is called as programmable Logic Array. 

2. 

It is in the form of OR-AND matrix • 

It is in the form of AND-OR matrix. 

J . 

PAL is used in CPLD's (Complex 

Next version of PLA is FPGA's (Field 


Programmable Logic Devices). 

Programmable Gate Array) and FPLA's (Field 
Programmable Logic Array). 

J) . 

It is moderately complex. 

It is highly complex. 

4. 

It is typically used for small circuits. 

It is used for complex circuits. 


(b) Tristatc registers : Tristatc registers is same as tristatc buffer. So refer to Chapter 13, Section 
13.13.1. 


(c) Master Slave JK FF : Refer to Section 8.7. 

(d) Transition table OR State transition table : Transition table specifics required state behavior in 
binary form. This is constructed from state assignment and state table or diagram. 

For state table and state diagram, Refer to chapter 8, Section 8.2.3 and 8.2.4. 

□ □□ 



